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I  w ould a l s o  l i k e  to  s in c e r e ly  thanlc th e  fo llo w in g :
M iss M. Young, M rs. M. Cunningham, M s s  A. F in n , M iss P . W ilson  and 
M iss A. P a t t i s o n  f o r  d i l i g e n t l y  c a r ry in g  o u t th e  many la b o r a to r y  
a n a ly s e s ;  Mi*, J ,  F r a s e r ,  Mr. D.G. G ibson , Mr. D.R. Jo h n sto n  and 
Mr. M.R. M cColl f o r  h e lp  w ith  th e  e x p e r im e n ta l a n im a ls ; Mr. A.
W a te rs to n  i n  p a r t i c u l a r  and s e v e r a l  o th e r  fa rm e rs  f o r  c o o p e ra tio n  and th e  
p r o v is io n  o f  l i v e s to c k  f o r  th e  m easurem ent o f  fe e d b lo c k  in ta k e s  u n d er 
p r a c t i c a l  c o n d i t io n s ;  Mr. J ,  P r o c te r  o f  th e  D epartm ent o f  S t a t i s t i c s ,  
Glasgow U n iv e r s i ty  f o r  h e lp  M th  th e  s t a t i s t i c a l  a n a ly s i s  o f  E xpt 1 3 .2 ; 
M rs. J .C .  M ackinnon f o r  th e  c a r e f u l  and com petent ty p in g  o f  t h i s  t h e s i s  
and PIr. A. F inney  and h i s  s t a f f  f o r  h e lp  w ith  th e  t im e - la p s e  
p h o to g rap h y  s tu d ie s  and th e  o th e r  p h o to g ra p h ic  re q u ire m e n ts  o f  t h i s  
t h e s i . s ,
1.
Sui'nmary
Over r e c e n t  y e a r s  th e  * s e l f - h e l p ’ fe e d b lo c k  s j^ te m  o f  g iv in g  
a d d i t i o n a l  n u t r i e n t s  t o  ru m in an t a n im a ls  has become in c r e a s in g ly  
p o p u la r .  T his has p r i n c i p a l l y  been due to  th e  con v en ien ce  and p o t e n t i a l  
la b o u r  sa v in g  a t t r i b u t e s  o f  t h i s  system  o f  f e e d in g .  A s e r i e s  o f  c la im ed  
n u t r i t i o n a l  a d v a n ta g e s  f o r  ’ s e l f - h e l p ’ fe e d b lo c k s  have a l s o  been 
p ro p o sed  w hich a r e  n o t  p o s s ib le  w ith  t r a d i t i o n a l  ’h a n d - f e e d in g .’ I t  has 
been th e  o b je c t iv e  o f  t h i s  t h e s i s  to  e v a lu a te  th e  v a l i d i t y  o f  th e s e  
c la im s  and a s s e s s  th e  s u i t a b i l i t y  o r  o th e rv /is e  o f  fe e d b lo c k s  in  ru m in an t 
h u sb an d ry .
Two d i f f e r e n t  p h i lo s o p h ie s  o f  fe e d b lo c k  u se  w ere r e c o g n is e d . The 
o r i g i n a l  fe e d b lo c k  co n cep t was e s s e n t i a l l y  a  low in t a k e  p ro d u c t a s  a 
supp lem en t f o r  p o o r q u a l i t y  ro u g h ag es ; th e  m a jo r i ty  o f  fe e d b lo c k  
a v a i l a b l e  in  th e  U.K. f a l l  i n t o  t h i s  c a te g o ry . R e c e n tly , h ig h e r  in t a k e  
fe e d b lo c k s  have been  d ev e lo p ed  ivLth fo rm u la tio n s  more s im i la r  to  
c o n v e n tio n a l  c o n c e n t r a te s ,  th e s e  aim  to  s u b s t a n t i a l l y  in c r e a s e  ME in t a k e  
d i r e c t l y  v ia  th e  b lo c k  in g r e d i e n t s  p e r  s e , a s  w e ll  a s  i n d i r e c t l y  vi.a 
in c r e a s e d  roughage u t i l i s a t i o n .  In  t h i s  t h e s i s  th e y  have been r e f e r r e d  
to  a s  s u b s t i t u t e  fe e d b lo c k s .  C o n s id e ra b le  empha.sis has been p la c e d  in  
t h i s  t h e s i s  on th e  i n d iv id u a l  in ta k e  o f  fe e d b lo c k s  and o th e r  
su p p lem en ta ry  f o o d s tu f f s  u s in g  chrom ic o x id e  a s  a f a e c a l  m a rk e r.
In  S e c t io n  1 a co m p ara tiv e  a sse ssm e n t o f  i n d iv id u a l  v a r i a t i o n  in  
fe e d b lo c k  in ta k e  r e l a t i v e  to  g iv in g  e q u iv a le n t  am ounts o f  DM a s  
c o n c e n tr a te s  in  tro u g h s  o r  cobs sp re a d  on th e  ground was co n d u c ted . In  
v i r t u a l l y  a l l  c irc u m s ta n c e s  in d i v id u a l  v a r i a t i o n  i n  fe e d b lo c k  in ta k e  
was g r e a t e r  th a n  f o r  ' h a n d - fe e d in g ’ f o r  bo th  sheep  and c a t t l e ,  w hich i s  
th e  co n v erse  o f  w hat i s  o f te n  c la im e d . The u se  o f  c o n t in u o u s ly  a v a i l a b l e  
fe e d b lo c k s  d id  n o t  ap p e a r  to  red u ce  th e  munber o f  i n d iv id u a l s  i n  a  group 
w hich c o m p le te ly  r e f u s e d  to  consume fe e d b lo c k s .  In  o ld e r  sh e e p , d e n ta l, 
s t a t u s  a p p ea red  to  be a  m a jo r c o n t r ib u to r y  cau se  to  th e  m agn itude  o f
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i n d iv id u a l  in ta k e  v a r i a t i o n .
In  S e c t io n  2 i t  was shoim  t h a t  fe e d b lo c k s  co u ld  n o t  be r e l i e d  
upon to  p ro v id e  a  c o n s i s t e n t  p a t t e r n  o f  in ta k e  o v e r v a r io u s  p e r io d s  o f  
t im e . A w ide v a r i e t y  o f  f a c to r s  w ere i d e n t i f i e d  w hich co u ld  p o t e n t i a l l y  
c o n t r ib u te  to  th e  n o n -u n ifo rm ity  o f  t o t a l  fe e d b lo c k  in ta k e  by a  group o f  
a n im a ls .  These co u ld  be c a te g o r is e d  a s  f a c t o r s  in h e r e n t  in  th e  b lo c k s  
p e r  s e ,  th e  s to c k  consum ing them and o th e r  e n v iro n m e n ta l f a c t o r s ,  such 
a s  c l im a t ic  v a r i a b le s  and m a n a g e r ia l  i n f lu e n c e s .
In  S e c t io n  3 , th e  r e l a t i o n s h i p  betw een fe e d b lo c k  consum ption and 
in d iv id u a l  n u t r i e n t  re q u ire m e n ts  was exami.ned iv ith  r e s p e c t  to  p r o te i n ,  
en e rg y  and m agnesium . There was no ev id en ce  to  s u g g e s t a r e l a t i o n s h ip  
betw een fe e d b lo c k  in ta k e  and p h y s io lo g ic a l  n eed  as  i s  som etim es c la im ed  
to  be th e  c a s e .  M u lt i - g r a v id  ewes d id  n o t consume more fe e d b lo c k  th a n  
e i t h e r  s in g le  o r  n o n -p re g n a n t ewes in  l a t e  p reg n an c y . A nim als seemed 
to  consume l e s s  fe e d b lo c k  when a l t e r n a t i v e  more p a l a t a b l e  fo o d s  w ere 
a v a i l a b l e  e .g .  s p r in g  g r a s s ,  and v ic e  v e r s a .  T h is  makes th e  u se  o f  
fe e d b lo c k s  a s  c a r r i e r s  o f  supplem entary^ magnesium d u r in g  th e  c r i t i c a l  
p o s t - tu r n o u t  p e r io d s  i n e f f e c t i v e  b ecau se  o f  th e  v e ry  low and. u n r e l i a b l e  
l e v e l  o f  in t a k e .
In  S e c t io n  4 th e  e f f e c t  o f ’ th e  fe e d b lo c k s  and t h e i r  in g r e d ie n ts  
on th e  u t i l i s a t i o n  o f  ro u g h ag es , was exam ined. T here d id  n o t a p p e a r  to  
be any n o t i c e a b le  ad v an tag e  o f  g iv in g  NPN f r e q u e n t ly  com pared w ith  once 
d a i ly  d u r in g  a 2 4 -h r  p e r io d  a s  may o c c u r  w ith  fe e d b lo c k s ,  i n  te rm s o f  
in c re a s e d  v o lu n ta ry  s tra w  in t a k e  and d i g e s t i b i l i t y .  In  o th e r  ex p e rim e n ts  
th e  in c r e a s e  i n  ME in ta k e  from  im proved roughage u t i l i s a t i o n  a r i s i n g  
th ro u g h  su p p le m e n ta tio n  o f  roughages w ith  fe e d b lo c k s  was genera .liy  sm a ll  
and u n l ik e ly  to  c r e a te  a  p la n e  o f  n u t r i t i o n  much in  e x c e ss  o f  th e  
m a in ten an ce  needs o f  th e  anjm ial. One o f  th e  m a jo r  in g r e d i e n t s  o f  a 
p a r t i c u l a r  fe e d b lo c k  (EC f e e d ,  a  r e s id u e  o f  th e  d i s t i l l e r y  in d u s t r y )  has 
been  w id e ly  c la im ed  to  enhance roughage  u t i l i s a t i o n  by c o n s id e ra b le
XXI.
am oun tso T h is  was n o t  found  to  be th e  ca se  i n  t h i s  t h e s i s  and in d e e d  
may have had a  n e g a t iv e  e f f e c t  on roughage u t i l i s a t i o n .
I t  i s  co n c lu d ed  t h a t  fe e d b lo c k s  have a  u s e f u l  r o le  to  p la y  i n  
an im a l h u sb an d ry , p a r t i c u l a r l y  i n  e x te n s iv e  h i l l  sy stem s o f  p ro d u c t io n .  
However due to  t h e i r  h ig h  c o s t  and low energ y  c o n te n t r e l a t i v e  to  
a l t e r n a t i v e  compound f o o d s tu f f s ,  t h e i r  u se  can seldom  be j u s t i f i e d  w here 
i t  i s  p o s s ib le  to  g iv e  ch ea p e r c o n c e n tr a te s ,  u n le s s  c o n s id e ra b le  sa v in g  
o f  la b o u r ,  r e s u l t s .
1 .
INTRODUCTION. BLOCKS AND BLOCK FEEDING
Over th e  l a s t  few  y e a r s  i n  th e  U n ited  Kingdom and o v e r  lo n g e r  
p e r io d s  i n  o th e r  p a r t s  o f  t h e  w o rld , th e  p r o v is io n  o f  su p p lem en ta ry  
n u t r i e n t s  on a , ’f r e e ^ a c c e s s , ' b a s i s ,  t o  u s u a l ly  ru m in an t a n im a ls  has 
g a in e d  in  p o p u la r i ty .  The te rm  ’ f r e e - a c c e s s , ' t o g e th e r  id -th  te rm s such  
a s ,  ’ s e l f - h e l p , ’ ’ s e l f - f e e d '  and ’a d . l ib i tu m  o f f e r , ’ i n f e r  t h a t  th e  
supp lem en t i s  c o n t in u a l ly  a v a i l a b l e  to  th e  a n im a ls  and co u ld  
t h e o r e t i c a l l y  be consumed d u r in g  any p a r t  o f  a 2 4 -h o u r p e r io d .  In  
p r a c t i c e ,  c o n s t r a i n t s  a r e  a p p l ie d  to  l i m i t  th e  in ta k e  p o t e n t i a l  f o r  any  
group  o r  i n d i v id u a l  an im a l by ch em ica l a n d /o r  p h y s ic a l  m eans. 
E s s e n t i a l l y ,  th e s e  ’ f r e e - a c c e s s , ’ su p p lem en ts  f a l l  i n t o  two g e n e ra l  
c a t e g o r i e s ,  l i q u i d  and s o l i d  ty p e s .  The s o l id  ty p e  o f  supp lem en t i s  
commonly r e f e r r e d  to  a s  a  b lo c k .  A b lo c k  may be d e f in e d  a s  a p h y s ic a l ly  
s o l i d  e n t i t y  d e s ig n e d  to  p e rm it  u n r e s t r i c t e d  a c c e s s  f o r  u s u a l ly ,  b u t 
n o t  e x c lu s iv e ly  ru m in an t a n im a ls ,  w ith  th e  o b je c t  o f  p ro v id in g  one o r  
more su p p lem en ta ry  c o n s t i tu e n t s  to  th e  d i e t .  In  th e  e m p ir ic a l  s e n s e ,  a 
b lo c k  may su p p ly  o n ly  one such  c o n s t i t u e n t ,  f o r  exam ple common s a l t .
Many o f  th e  b a s ic  p r i n c i p l e s  co n ce rn ed  v d th  b lo c k  fe e d in g  a r e  
e q u a l ly  a p p l ic a b le  to  th e  l iq v iid  su p p le m e n ts . Namely, t h e i r  p o p u la r i ty  
on a  w orldw ide b a s i s  h a s  been  l a r g e l y  i n  re sp o n s e  to  p r a c t i c a l  
co n v en ien ce  f o r  th e  fa rm e r .  In  any e x te n s iv e  o r  s e m i- in te n s iv e  an im al 
p ro d u c tio n  s i t u a t i o n ,  w here la b o u r  i s  im p o ss ib le  o r  ex p e n s iv e  any 
te c h n iq u e  w hich m in im ise s  th e  tim e  s p e n t fe e d in g  a n im a ls  i s  p o s s ib ly  
w o r th w h ile . T h is  i s  p a r t i c u l a r l y  r e le v a n t  i f  th e  la b o u r  r e s o u rc e s  
a v a i l a b l e  can be d iv e r t e d  to  o th e r  management a r e a s .  N o tw ith s ta n d in g  
t h i s ,  s e v e r a l  o th e r  a d v a n ta g e s  have been p ro p o sed  f o r  th e  u se  o f  ’ f r e e -  
a c c e s s ,  ’ su p p lem en ts  w hich a r e  in t im a te ly  co n ce rn ed  w ith  t h e i r  
n u t r i t i o n a l  v a lu e  to  th e  ru m in an t a n im a l, r a t h e r  th a n  co n v en ien ce  to  
th e  s to c k f e e d e r .  The j u s t i f i c a t i o n  o r  o th e rw ise  o f  th e s e  c la im ed  
a d v a n ta g e s  has been th e  o b je c t iv e  o f  many o f  th e  ex p e rim en ts  i n  t h i s  
th e s i s o
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B locks can be fo rm u la te d  i n  many ways and  be in te n d e d  f o r  u se  f o r  
a  v a r i e t y  o f  p u rp o s e s .  To a v o id  c o n fu s io n , th e  fo llo w in g  te rm in o lo g y  
h as  been  ad o p ted  f o r  t h i s  t h e s i s .  B a s ic a l ly  b lo c k s  can be c l a s s i f i e d  
a s  fo l lo w s .
( i )  M in e ra l b lo c k s
The g e n e s is  o f  th e  b lo c k  co n cep t stemmed from  th e  d e s i r e  to  
p ro v id e  ru m in a n ts  w ith  su p p lem en ta ry  m in e ra ls  i n  a  c o n v e n ie n t fo rm .
The f i r s t  b lo c k s  u sed  w ere s im p ly  a g g re g a te s  o f  ro c k  s a l t ,  s im i la r  to  
th e  s a l t  b lo c k s  c u r r e n t ly  a v a i l a b l e .  O th e r m in e ra l  b lo c k s  a r e  more 
s o p h i s t i c a te d  i n  t h a t  th e y  a l s o  su p p ly  v i ta m in s ,  ( u s u a l ly  A and  D), 
t o g e th e r  w ith  c a lc iu m , p h o sp h o ru s , magnesium and som etim es s u lp h u r .  
T race  e lem en t f o r t i f i c a t i o n  i s  a l s o  u n d e rta k e n  w ith  em phasis b e in g  
p la c e d  on c o b a l t ,  c o p p e r, i r o n ,  m anganese, z in c  and som etim es s e le n iu m . 
The m ajo r c o n s t i tu e n t  o f  m in e ra l  b lo c k s  how ever, i s  common s a l t ,  w hich 
o p e r a te s  to  b o th  a t t r a c t  th e  a n im a ls  to  th e  b lo c k  and to  r e g u la te  
in t a k e .  These b lo c k s  have no p r o t e i n  o r  energy  v a lu e  and a r e  n o t 
fe e d b lo c k s  in  th e  t r u e  s e n se  o f  th e  w ord,
( i i )  G lucose b lo c k s
Tliese b lo c k s  c o n ta in  p re d o m in a n tly  g lu c o s e , p lu s  v ita in in s  and 
m in e ra ls  and a r e  v e ry  p a l a t a b l e .  They a re  p r i n c i p a l l y  co n ce rn ed  id .th  
th e  s p e c i a l i s e d  r o l e  o f  p ro v id in g  sheep  f lo c k s  w ith  en e rg y  a s  g lu c o se  
and to  a c t  a s  a p o s s ib le  p r o p h y la c t ic  a g a in s t  p reg n an cy  to x a e m ia . No 
n a t u r a l  and n o n -p ro te in  n i t r o g e n  i s  in c lu d e d  in  th e  fo rm u la tio n  o f  th e  
b lo c k s .  S t r i c t l y ,  th e y  may be c o n s id e re d  a s  fe e d b lo c k s  b u t i n  a v e ry  
s p e c i a l i s e d  s e n s e .
( i i i )  F e e d b lo cks
A fe e d b lo c k  makes a m a te r i a l  c o n t r ib u t io n  to  th e  d i e t  i n  th e  form
3.
o f  e n e rg y , p r o t e i n  o r  b o th , a s  w e ll  a s  su p p ly in g  many o f  th e  
c o n s t i tu e n t s  o f  m in e ra l  b lo c k s .  E s s e n t i a l l y ,  t h e r e  a r e  a v a i l a b l e  two 
d i f f e r e n t  ty p e s  o f  f e e d b lo c k , r e p r e s e n t in g  d i f f e r e n t  p h i lo s o p h ie s  o f  th e  
r o l e  th e y  aim  t o  p la y  in  a n im a l p ro d u c t io n .  They a r e  c l a s s i f i e d  h e re  a s  
’ s u p p le m e n t, ' and ’s u b s t i t u t e , ’ f e e d b lo c k s ,
a ) Supplem ent fe e d b lo c k s
The te rm  ’ su p p le m e n t' i n f e r s  som eth ing  w hich form s o n ly  a  m inor 
f r a c t i o n  o f  th e  t o t a l  d i e t .  A ccord ing  to  th e  U.K. F e r t i l i s e r  and 
F e e d in g s tu f f s  A ct ( l9 ? 6 )  t h i s  sh o u ld  be o r  l e s s .  The m a jo r i ty  o f  
co m m erc ia lly  a v a i l a b l e  fe e d b lo c k s  a r e  d e s ig n e d  to  f i t  i n t o  th e  g e n e ra l  
c o n f in e s  o f  th e  su pp lem en t c a te g o ry .  The o r i g i n a l  fe e d b lo c k  co n cep t 
a l s o  d i r e c te d  i t s  r o l e  t o  th e  low  in t a k e ,  supp lem ent s i t u a t i o n .  The 
m ain  aim  o f  t h i s  ty p e  o f  b lo c k  i s  to  p ro v id e  ru m in a n ts  w ith  n i t r o g e n  
and c e r t a i n  m in e ra ls  w hich a r e  p r e s e n t  i n  v e ry  low c o n c e n tr a t io n s  i n  
many p a s tu r e s  and ro u g h a g e s .
Supplem ent fe e d b lo c k s  p e r  s e  can be d iv id e d  i n t o  two c l a s s e s ;  
th o s e  su p p lem en ts  a k in  to  m i n e r a l  b lo c k s  b u t a l s o  c o n ta in in g  n o n - ,  
p r o t e i n - n i t r o g e n  (N P N ) ,  u s u a l ly  a s  u r e a .  As th e y  c o n ta in  no 
e n e rg y  and p re fo rm ed  p r o t e i n ,  t h e i r  c l a s s i f i c a t i o n  a s  fe e d b lo c k s  i s  
r a t h e r  te n u o u s . These b lo c k  ty p e s  a r e  r a r e l y  em ployed u n d er U.K. 
c o n d i t io n s ,  b u t th e y  a r e  w id e ly  u sed  u n d er e x te n s iv e  ran g e  and v e ld  
s i t u a t i o n s ,  such  a s  e x i s t  i n  South  A f r ic a ,  A t y p i c a l  co m p o sitio n  o f  
th e s e  b lo c k s  i s  a s  u se d  by P i e t e r s e  and De Kock (1 9 6 2 ) , who u sed  a  
b lo c k  c o n ta in in g  e q u a l p a r t s  o f  u r e a ,  sodium  c h lo r id e  and  d ic a lc iu m  
p h o s p h a te .
The second  c l a s s  o f  suppD.ement fe e d b lo c k  i s  by f a r  th e  m ost 
commonly u se d  i n  th e  U.K. These b lo c k s  c o n ta in  en erg y  i n  th e  form  o f  
c e r e a l s ,  to g e th e r  w ith  e i t h e r  u re a  a n d /o r  v e g e ta b le  p r o t e i n  a s  w e l l  a s  
m ost o f  t h e  v ita m in s  and m in e ra ls  common to  b lo c k s  in  th e  m in e ra l  ra n g e . 
A d d i t io n a l ly  some p r o p r i e t a r y  supp lem en t fe e d b lo c k s  c o n ta in  d i s t i l l e i y
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b y -p ro d u c ts .  When u re a  i s  in c lu d e d  i t  i s  u s u a l ly  a t  a  l e v e l  o f  30 to  
60 g /k g  ( e q u iv a le n t  to  a lm o s t 90  to  180 g /k g  c rude  p r o t e i n  e q u iv a le n t )  
and a  t o t a l  c ru d e  p r o t e i n  c o n te n t  in  th e  fe e d b lo c k  o f  140 to  300  g /k g .
In  o th e r  co m m erc ia lly  a v a i l a b l e  f e e d b lo c k s , th e  p r o t e i n  c o n te n t i s  
d e r iv e d  from  c o n v e n tio n a l v e g e ta b le  s o u rc e s ,  w hich to g e th e r  v n th  t h a t  
from  th e  c e r e a l  component g iv e s  an  o v e r a l l  c o n te n t  o f  a b o u t 150 to  
200 g /k g  crude  p r o t e i n .  F eed b lo ck s  f o r  h o rs e s  f i t  i n t o  t h i s  l a t t e r  
c a te g o ry .
S o u rces  o f  e n e rg y  a r e  in c lu d e d  i n  supplem ent fe e d b lo c k s  f o r  a 
v a r i e ty  o f  re a so n s  e .g .  to  a c t  a s  a c a r r i e r  f o r  o th e r  b lo c k  
in g r e d i e n t s ;  to  su p p ly  th e  a n im a ls  iv ith  a d d i t i o n a l  M .E .; t o  in c r e a s e  
th e  p a l a t a b i l i t y  and  in t a k e  o f  th e  fe e d b lo c k  and t o  im prove th e  I n ta k e  
and d i g e s t i b i l i t y  o f  p o o r q u a l i t y  ro u g h ag es . The e n e rg y  so u rc e s  u sed  
a r e  h ig h ly  o r  c o m p le te ly  d ig e s t i b l e ,  such  a s  m o la sse s  o r  s t a r c h  i n  th e  
form  o f  c e r e a l s .  T h e o r e t i c a l ly  th e  in c lu s io n  o f  s m a ll  am ounts o f  
c a rb o h y d ra te  may im prove th e  u t i l i s a t i o n  o f  n i t r o g e n  in  th e  supp lem en t 
by in c r e a s in g  th e  s y n th e s i s  o f  m ic r o b ia l  p r o t e i n  w hich i s  s u b se q u e n tly  
d ig e s te d  and u t i l i s e d  by th e  a n im a l.
P e rh ap s  th e  m ost m e a n in g fu l d e f i n i t i o n  o f  supp lem en t fe e d b lo c k s  
c e n t r e s  a ro u n d  w hat can be e x p e c te d  from  t h e i r  u se  i n  an im a l p ro d u c t io n  
sy s te m s . T h e ir  m ain  aim  i s  to  c r e a te  a  p la n e  o f  n u t r i t i o n  f o r  any  c l a s s  
o f  s to c k  a t  o r  a ro u n d  th e  m a in ten a n ce  l e v e l  from  low  q u a l i t y  roughage 
d i e t s ,  w hich p e rm it  o n ly  a  su b -m a in ten an c e  l e v e l  o f  n u t r i t i o n  when 
g iv e n  a lo n e .  However, w ith o u t f u i 'th e r  e n e rg y  in p u ts  ( e . g .  a s  c e r e a l s ) ,  
a  t r u l y  p ro d u c t iv e  s i t u a t i o n  i s  n o t  o f te n  re a c h e d ,
b ) S u b s t i t u t e  fe e d b lo c k s
The com m ercial developm ent and in t r o d u c t io n  o f  s u b s t i t u t e - t y p e  
fe e d b lo c k s  h as  o c c u rre d  o n ly  r e c e n t ly  in  th e  U.K. These fe e d b lo c k s  
a llo w  much h ig h e r  in ta k e  p o t e n t i a l  f o r  any  c l a s s  o f  s to c k ,  combi_ned 
w ith  a  h ig h e r  M.E, c o n te n t .
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The r e s u l t i n g  e f f e c t  i s  t h a t  th e  em phasis on th e  r o l e  o f  
s u b s t i t u t e  fe e d b lo c k s  i s  p la c e d  m a in ly  on th e  e n e rg y  th e y  c o n t r ib u te  to  
th e  o v e r a l l  d i e t  and l e s s  on th e  in c re a s e d  u t i l i s a t i o n  o f  p o o r q u a l i t y  
ro u g h a g e s . N e v e r th e le s s ,  th e s e  fe e d b lo c k s  a l s o  c o n ta in  v i ta m in , 
m in e ra l  and o f te n  u r e a  in c lu s io n s ,  i n  a  s im i la r  f a s h io n  to  th e  su pp lem en t 
fe e d b lo c k  ty p e s .  B ecause o f  th e  en e rg y  c o n t r ib u t io n  to  th e  d i e t ,  
s u b s t i t u t e - t y p e  fe e d b lo c k s  have a p p l ic a t io n s  i n  a r e a s  w here a  h ig h e r  
d e g re e  o f  a n im a l p e rfo rm an ce  i s  r e q u i r e d .  In  t h i s  r e s p e c t  th e y  may be 
l ik e n e d  to  c o n c e n tr a te  p e l l e t s  o r  cobs i n  a  fe e d b lo c k  form .
DIAGRAMTIC CLASSIFICATION OF BLOCK TYPES
M in e ra l Blocks G lucose B l o c k s -----------------   F eed b lo ck s
Mine ra ls /s a l t / ÏL P N
P o o r
q u a l i t y
roughage
Supplem ent -ty p e
Ene r  gy /in in  e r a l s / s a l t  
p r o t e i n  a n d /o r  NPN
V
S u b s t i t u te - ty p e  
M E R G Y /m in e ra ls /sa lt 
  p r o te i n  a n d /o r  NPK
V
C laim ed i n c r S s e d  u t i l i z a t i o n  
r e s u l t i n g  in  a g r e a t e r  M.E. in ta k e
INCREASED 
M.E. INTAKE
METHODS OF BLOCK MAI^ IUFACTURE
B locks v a ry  i n  shape  and w e ig h t .  The s m a l le s t  b lo c k s  i n  te rm s  o f  
b o th  w e ig h t (6  to  IS  kg ) and s i z e  ( r e c t a n g u la r ,  a b o u t 30  x  20 x  20 cins) 
a r e  u s u a l ly  th e  m in e ra l /g lu c o s e  o r  m in e ra l  ty p e  b lo c k s .  F eed b lo ck s may 
be e i t h e r  c u b o id , r e c t a n g u la r  o r  w h e e l- l ik e  (50  cm i n  d ia m e te r )  in  shape  
T,vith w e ig h ts  ra n g in g  from  15 to  25 k g . Some cubo id  and r e c ta n g u la r  
fe e d b lo c k s  have b e v e l le d  edges and  one fe e d b lo c k  ty p e  h as  a 
lo n g i t u d i n a l l y - d i r e c t e d  h o le  th ro u g h  i t .
F our b a s ic  m a n u fa c tu r in g  p ro c e s s e s  a p p e a r  to  be commonly u sed , 
th e s e  v a ry  from on th e  fa rm  m a n u fa c tu re  r e q u i r in g  no s p e c i a l  equipm ent 
to  th e  u se  o f  e x p e n s iv e  m ach inery  a t  a  perm anen t p ro d u c tio n  s i t e ,
( i ) Com pressed b lo c k s
The p h y s ic a l  i n t e g r i t y  and in t a k e  o f  th e s e  b lo c k  ty p e s  a r e  
go verned  e n t i r e l y  by  p r e s s u r e  e x e r te d  on th e  c o n s t i tu e n t  m ix im p a r tin g  
h a rd n e s s .  M in e ra l b lo c k s  and some fe e d b lo c k s  a r e  p re p a re d  i_n t h i s  way.
( i i )  C om pression p lu s  th e  u se  o f  b in d in g  a g e n ts
T h is  p ro c e s s  in v o lv e s  a  m o d e ra te  amount o f  p r e s s u r e  a l l i e d  t o  th e  
u se  o f  b in d in g  a g e n t s .  S u b s ta n c e s  em ployed a s  b in d in g  a g e n ts  o r  
h a rd n e rs  in c lu d e ,  b e n to n i te ,  l i g n i n  s u lp h o n a te ,  m o la sse s  and d i s t i l l e r y  
b y -p ro d u c ts  such  a s  d r ie d  d i s t i l l e r s  s o lu b le s .  One p r o p r i e t a r y  
fe e d b lo c k  commonly u sed  on a w orldw ide b a s i s ,  em ploys a  s p ra y  d r i e d ,  
d i s t i l l e r y  r e s id u e  known v a r io u s ly  a s  E C fe e d  (E th y l  c o n c e n tr a te )  o r  
d i s t i l l e r s  m o la sse s  d r ie d  s o lu b le s .  T h is  fe e d b lo c k  i s  m ark e ted  u n d e r 
th e  t r a d e  name ' R u m e v i t e . E  C fe e d  i s  an h y g ro s c o p ic , brown 
pow der v i t h  p o te n t  b in d in g  p r o p e r t i e s  when dampened. U sing E C fe e d  a s  
a  b in d e r  and s u i t a b l e  c o n ta in e r s  such  a s  h a lv e d  s t e e l  drum s, fe e d b lo c k s  
a r e  o f te n  p re p a re d  in  S outh ' A f r ic a ,  on th e  farm  w here th e y  a r e  t o  be 
u s e d . ’R u m e \ite ’ i s  e s s e n t i a l l y  a  su p p le m e n t-ty p e  fe e d b lo c k  and i t s
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h a rd n e s s  can be v a r ie d  by a l t e r i n g  th e  p ro p o r t io n  o f  th e  c o n s t i tu e n t s  
a n d /o r  p r e s s u r e ,
( i i i )  C hem ical s e t t i n g  p ro c e s s e s
In  t h i s  p ro c e s s  a  ch em ica l r e a c t io n  betw een th e  b lo c k  
c o n s t i tu e n t s  i s  a lo n e  u sed  to  m a in ta in  p h y s ic a l  i n t e g r i t y  and h a rd n e s s .  
The m ost commonly in v o lv e d  r e a c t io n  i s  betw een ca lc iu m  o x id e  o r  
h y d ro x id e  and m o lasse s  to  form  ca lc iu m  s u c r o s a te .  The c a lc iu m  s u c r o s a te  
i s  a l s o  c la im ed  to  r e s t r i c t  in t a k e  b ecau se  o f  i t s  b i t t e r  t a s t e .  The 
m o la sse s  in c lu s io n  i n  t h i s  p ro c e s s  i s  u s u a l ly  a round  300 g /k g  o f  th e  
m ix w ith  t h e  h a rd n e ss  b e in g  a f f e c t e d  by th e  amount o f  lim e  in c o r p o r a te d .  
T h is  may be betw een 50 to  70 g /k g  in  th e  m ix; th e  g r e a t e r  th e  l e v e l  o f  
l im e , th e  h a rd e r  th e  r e s u l t i n g  b lo c k .
T h is  p ro c e s s  h as  th e  d is a d v a n ta g e  o f  a c r i t i c a l l y  s h o r t  n ix in g  
tim e  b e fo re  s e t t i n g  commences, r e s u l t i n g  i n  p o o r q u a l i t y  c o n t r o l  a s  th e r e  
i s  o f te n  uneven m ix ing  o f  c o n s t i t u e n t s .  I t  i s  a l s o  v e ry  t im e  consum ing 
b u t h as  th e  a d v a n ta g e  t h a t  i t  i s  a d a p ta b le  to  on farm  c o n d i t io n s .  A lso 
b lo c k s  o f  v i r t u a l l y  any  sh ap e  o r  w e ig h t can be made,
( i v )  E x tru d ed  b lo c k s
T h is  i s  th e  m ost s o p h i s t i c a t e d  m ethod o f  b lo c k  m anufac tiu ’e .  The 
p ro c e s s  i s  somewhat alcLn to  th e  p ro d u c tio n  o f  c o n c e n tr a te  cubesj, in  
t h a t  th e  b lo c k s  a r e  e x tru d e d  tliro u g h  a  d i e .  Very h ig h  p r e s s u r e s  and 
steam  a r e  used  to  com press th e  m ix tu re  b e fo re  e x t r u s io n .  The niaiLn 
m a n u fa c tu r in g  a d v a n ta g e s  o f  t h i s  p ro c e s s  a r e  low  la b o u r  c o s ts  and a 
h ig h  r a t e  o f  b lo c k  o u tp u t .  However, th e  i n i t i a l  c a p i t a l  in v e s tm e n t in  
th e  m ach in ery  r e q u i r e d  i s  h ig h .  The two ty p e s  o f  e x t r u s io n  b lo c k  m aking 
m ach ines a t  p r e s e n t  i n  u se  i n  th e  U.K. had to  be im p o rte d  from  th e  
U n ite d  S t a t e s ,
A 'L anders*  p r e s s  i s  u sed  t o  make th e  'W in ta w e l l '*  ran g e  o f  
*  B 0 C M -  S i lc o c k  L t d . , B a s in g s to k e , H an ts ,
fe e d b lo c k s ,  and a  " C a l i fo rn ia n "  p r e s s  i s  used  to  make 'C o lb o rn '#  b lo c k s  
B oth ra n g e s  o f  b lo c k  p ro d u c ts  p ro d u ced  by th e s e  m ach ines f a l l  i n to  th e  
s u b s t i t u t e  fe e d b lo c k  c a te g o ry .
IlETHODS EMPLOYED TO ATTEINT TO CONTROL THE VOLUNTARY CQNSWTION OF 
FEEDBLQCKS
The in ta k e  o f  any  b lo c k  depends on a  vd.de v a r i e t y  o f  f a c t o r s  
in h e r e n t  to  th e  b lo c k , th e  a n im a ls  a llo w ed  a c c e s s  to  th e  b lo c k  and  th e  
env iro n m en t i n  w hich b o th  b lo c k  and a n im a ls  a re  m a in ta in e d . A lthough , 
by d e f i n i t i o n ,  b lo c k s  a r e  a v a i l a b l e  to  s to c k  c o n tin u o u s ly  th ro u g h o u t 
any  2 4 -h o u r p e r io d ,  a t te m p ts  a r e  made by th e  m a n u fa c tu re rs  ( i n  th e  f i r s t  
p la c e )  and by th e  stoclonan , ( i n  th e  second  p la c e )  to  r e s t r i c t  th e  in t a k e  
to  an a c c e p ta b le  l e v e l . Wliat i n f a c t  c o n s t i t u t e s  an  a c c e p ta b le  l e v e l  i s  
a  v e ry  a r b i t a r y  p o in t ,  b u t g e n e r a l ly  th e  aim  a s  q u o ted  by th e  
m a n u fa c tu re r s ,  i s  f o r  sheep  to  consume betw een 80 to  250 g /h e a d /d a y  and 
c a t t l e  400 t o  1000 g /h e a d /d a y  o f  supp lem en t and s u b s t i tu te - t j^ D es 
r e s p e c t iv e l y .  In  o rd e r  t o  a c h ie v e  t h i s  o b je c t iv e  o f  a  c o n t r o l le d  in t a k e ,  
a  v a r i e t y  o f  m easu res  a r e  em ployed w hich app ro ach  th e  p rob lem  from  tvfo 
d i f f e r e n t  an g le s*
One m ethod o f  in ta k e  c o n t r o l ,  i s  t h a t  e x e r te d  v ia  th e  b lo c k  
fo rm u la tio n  a n d /o r  m a n u fa c tu re  p ro c e s s  vfhereby c o n s t r a i n t s  on in ta k e  
a r e  in f lu e n c e d  by th e  ch em ica l and p h y s ic a l  n a tu r e  o f  th e  fe e d b lo c k . 
In c lu d e d  in  t h i s  ap p ro ach  i s  th e  p o s s ib le  u se  o f  c o n ta in e r s .  S eco n d ly , 
th e  fe e d b lo c k  m a n u fa c tu re rs  a t te m p t to  e f f e c t  an  in ta k e  c o n t r o l  by 
a d v o c a tin g  m a n ip u la t io n  o f  th e  number o f  fe e d b lo c k s  a v a i l a b l e  to  any
C olborn  Group L t d . ,  K eanor, D e rb y s h ire ,
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group  o f  a n im a ls ,  t h e i r  p o s i t i o n in g  r e l a t i v e  t o ,  p a r t i c u l a r l y ,  th e  w a te r  
su p p ly  and  t h e i r  r a t e  o f  re p le n is h m e n t .
C o n s tr a in ts  on in t a k e  in h e r e n t  i n  th e  fe e d b lo c k , r e s u l t i n g  i n  
red u ce d  p a l a t a b i l i t y  and a c c e p t a b i l i t y  a r e  a s  f o l lo w s .
( i )  P h y s ic a l  H ardness
P h y s ic a l  h a rd n e s s  i n  a  b lo c k  can b a s i c a l l y  be a t t r i b u t e d  to  
e i t h e r  o f  two c a u s e s .  F i r s t l y ,  by p r e s s u r e  e x e r te d  d u r in g  m a n u fa c tu re , 
o f t e n  a id e d  by th e  u s e  o f  b in d in g  a g e n ts  such  a s  E .G . fe e d  o r  b e n to n i te *  
S eco n d ly , by th e  u se  o f  ch e m ic a l s e t t i n g  r e a c t io n s  such  a s  t h e  fo rm a tio n  
o f  c a lc iu m  s u c r o s a te  and th e  u se  o f  ca lc iu m  s u lp h a te  (gypsum ). Some 
b lo c k s ,  above a l l ,  r e l y  on h a rd n e s s  a s  th e  m ain a t t r i b u t e  i u  l i m i t i n g  
v o lu n ta r y  i n t a k e .  I t  m ust be n o te d ,  how ever, t h a t  i n  te rm s o f  th e  
a n im a l, th e  p h y s ic a l  h a rd n e s s  o f  t h e  fe e d b lo c k  s u r f a c e ,  a t  any  t im e , i s  
th e  m ost im p o r ta n t  c r i t e r i o n  a f f e c t i n g  p re h e n s io n  o f  b lo c k  m a t e r i a l .
Under f i e l d  c o n d i t io n s  th e  e x te n t  to  w hich  s u r f a c e  h a rd n e s s  changes i n  
re sp o n se  to  c l im a t ic  v a r i a b le s  such  a s  h u m id ity , r a i n f a l l  and low  o r  h ig h  
am b ien t te m p e ra tu re  i s  l a r g e l y  unlaiown,
( i i )  Sodium c h lo r id e
Most b lo c k s  c o n ta in  s a l t  i n  v a ry in g  am ounts dep en d in g  on b lo c k  
ty p e .  M in e ra l b lo c k s  and m in e ra l  b lo c k s  in c o r p o r a t in g  N P N a lo n e ,  
u s u a l ly  c o n ta in  300 t o  4OO g s a l t / k g ,  F eedb lo ck s in v a r i a b ly  c o n ta in  
a  lo w er am ount, u s u a l ly  i n  th e  ra n g e  50 to  200 g /k g .  At th e  50 g /k g  
c o n te n t ,  th e  s a l t  may be p r e s e n t  t o  en co u ra g e , r a t h e r  th a n  l i m i t ,  i f  th e  
o th e r block in g r e d i e n ts  a r e  o th e rw is e  u n p a la ta b le .
S a l t  h a s  been  w id e ly  em ployed to  c o n t r o l  in t a k e  when su p p lem en ts  
a r e  on f r e e  a c c e s s  o f f e r .  Most o f  th e  p u b lis h e d  d a ta  ( e .g .  f o r  c a t t l e ;  
P i s t o r ,  N e s b i t t  and Cardon ( l9 5 0 ) ;  ' Savage and M c llv a in  (1951)5 N elso n , 
Ma.cvd-car, A rcher and  M eiske (1 9 5 5 )5 R ig g s , C olby and S e l l s  ( l9 5 3 )?  
R e n te s , Adams, Moore and O l t j e n  (1 9 6 ? ) ;  C h icco , S h u l tz ,  R i.as, P la s s e  
and B urg u era  ( l 9 ? l )  : f o r  sh e e p ; W eir and M i l l e r  (l953)«> W eir and
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T o r r e l l ( l9 5 3 ) 5  Meyer and  W eir (1954) : f o r  c a t t l e  and sh eep ; M eyer, 
W eir, I t t n e r  and Sm ith (1 9 5 5 ))  r e f e r s  to  th e  u se  o f  s a l t  a s  an  a p p e t i t e  
r e g u la to r  f o r  s e l f - f e d  c o n c e n tr a te  and p r o t e i n  su p p lem en ts , u s u a l ly  
u n d er e x te n s iv e  ran g e  c o n d i t io n s ,  o f te n  i n  a r i d  c l im a te s .
The s u c c e s s  o f  s a l t  a s  an  a p p e t i t e  r e g u la to r  depends p r im a r i ly  on 
two c r i t e r i a *  F i r s t l y ,  t h a t  th e  in c lu s io n  o f  s a l t  a t  a  p a r t i c u l a r  
l e v e l  in  a  supp lem en t sh o u ld  c o n f in e , w ith  a  r e a s o n a b le  d eg ree  o f  
e f f i c i e n c y ,  th e  in t a k e  o f  t h a t  supp lem en t w ith in  th e  ran g e  d e s ire d *  
S eco n d ly , t h a t  i n  a c h ie v in g  t h i s  aim  no co n co m itan t d e t r im e n ta l  e f f e c t s  
on an im a l h u sb an d ly  o r  p e rfo rm an ce  sh o u ld  a r i s e .
In  g e n e r a l ,  th e  p u b lis h e d  l i t e r a t u r e  te n d s  to  v a l id a t e  th e  f i r s t  
c r i t e r i o n ,  t h a t  s a l t  i s  an  e f f i c i e n t  means o f  r e g u la t in g  th e  in t a k e  o f  
f r e e  a c c e s s  c o n c e n tr a te  m ixes e .g .  R iggs e t  a l .  (l9 5 3 )>  W eir and 
T o r r e l l ( l9 5 3 ) «  R en tes  e t  a l .  (1 9 6 ? ) , concluded  t h a t  th e  a d d i t io n  o f  
s a l t  t o  a  supp lem en t la c k e d  e f f i c a c y  a s  a  f u l l y  a c c u r a te  r e g u la to r  o f  
i n t a k e  by c a t t l e  b eca u se  o f  i n d i v id u a l  v a r i a t i o n .
A v a i l a b i l i t y  o f  w a te r  and c l im a t ic  f l u c t u a t i o n s  may a l s o  a f f e c t
th e  u se  o f  s a l t  a s  a  r e g u la to r  b u t  th e r e  i s  no r e p o r t  on th e s e  a s p e c t s .
Savage and M c llv a in  ( l 9 5 l ) ,  found t h a t  th e  amount o f  s a l t  needed  to  
m a in ta in  c o tto n s e e d  m eal consum ption f o r  ra n g e  c a t t l e  a t  a b o u t 0*91 k g /  
h e a d /d a y  was a b o u t 1*4 g A s  l i v e  w e ig h t.
The re le v a n c e  o f  th e s e  f in d in g s  to  b lo c k  fe e d in g  i s  l a r g e ly  a
m a t te r  o f  c o n je c tu r e  b eca u se  o th e r  b lo c k  in g r e d i e n ts  may m odify  th e  
e f f e c t s  o f  th e  s a l t .  In  p a r t i c u l a r ,  th e  o v e r a l l  p h y s ic a l  form  and  
h a rd n e s s  o f  th e  b lo c k  may be a s  im p o r ta n t  a s  th e  s a l t  c o n te n t  i n  some 
c irc u m s ta n c e s .  C o n seq u en tly  d a ta  w hich h as  been o b ta in e d  from  
o b s e rv a t io n s  o f  th e  e f f e c t s  o f  s a l t  i n  r e g u la t in g  th e  in t a k e  o f  
c o n c e n tr a te  fe e d s  i s  n o t  l i k e l y  to  be a p p r o p r ia te  to  b lo c k  feed s*  
P o s s ib le  t o x i c i t y  p rob lem s a s s o c ia t e d  iv ith  h ig h  s a l t  in ta k e s  
a p p ly  to  a l l  d i e t s  in c o r p o r a t in g  s a l t .  G e n e ra lly , th e  e f f e c t  o f  s a l t
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on th e  h e a l th  and fu n c t io n  o f  th e  a n im a l, h as  r e c e iv e d  a t t e n t i o n  in  two 
d i f f e r e n t  w ays. F i r s t l y ,  th e  p h y s io lo g ic a l  consequences  o f  a h ig h  s a l t  
i n t a k e  on th e  k id n e y , a d r e n a ls  and r e l a t e d  b lo o d  p a ra m e te rs  and 
s e c o n d ly , th e  e f f e c t  o f  h ig h  s a l t  in t a k e s  on th e  d ig e s t i v e  p r o c e s s e s .
B o lin  ( 1949 ) r e p o r te d  t h a t  lam bs r e c e iv in g  a  s a l t  d ren ch  a t  th e  
r a t e  o f  1 g /k g  l i v e  w e ig h t d ie d  w i th in  24 h o u rs .  R iggs e t  a l ,  (195.3 
r e p o r te d  t h a t  h i s t o l o g i c a l  e x am in a tio n  o f  th e  k id n e y s  o f  two cows g iv e n  
754  g s a l t A s a d / d a y  (e q u i.v a le n t t o  1*8 g /k g  l i v e  w e ig h t)  r e v e a le d  no 
h a rm fu l e f f e c t s  even a f t e r  190 d a y s . They a l s o  r e p o r te d  t h a t  th e  
a b s o rp t io n  o f  t h i s  h ig h  s a l t  in c lu s io n  was »B% compared w ith  4 9 * 1 / 
f o r  cows g iv e n  o n ly  4#*6 g /h e a d /d a y . The cows g iv e n  th e  h ig h  s a l t  
a llo w a n c e  had a  t o t a l  c h lo r id e  e x c r e t io n  11*5 tim e s  t h a t  o f  th e  c o n t r o l s ,  
9 8 *3 /  o f  w hich  was e x c re te d  i n  th e  u r in e *  The cows w ere a d e q u a te ly  fe d  
o th e rw is e .  In  th e  same r e p o r t ,  R iggs e t  a l ,  (1953) o u t l in e d  d e t a i l s  o f  
a  t r i a l  in  w hich 430  kg cows r e c e iv e d  0*43 kg o f  sodium  c h lo r id e  m ixed 
w ith  1*0 kg c o t to n s e e d  m ea l, u n d er ra n g e  c o n d i t io n s .  The r e s u l t i n g  
in t a k e  o f  ab o u t 1*0 g s a l t / k g  l i v e  w e ig h t p roduced  p e r io d i c  s c o u r in g  
w hich e v e n tu a l ly  l e d  to  th e  d e a th  o f  one a n im a l. The a u th o rs  con c lu d ed  
t h a t  t h i s  vfB.s l a r g e l y  due to  th e  c o n d i t io n s  o f  fe e d  and p a r t i c u l a r l y  
w a te r  d e p r iv a t io n  w hich e x i s t e d  u n d e r th e  t r i a l .
W eir and M i l l e r  (1953) gave p re g n a n t ewes 39 t o  105 g s a l t / d a y  
m ixed w ith  c o t to n s e e d  and re c o rd e d  t h a t  th e  s a l t  had  no e f f e c t  on 
k id n e y  and a d r e n a l  g la n d  w e ig h ts  f o r  th e  4  ewes exam ined . O nly i n  one 
in s ta n c e  was t h e  c h lo r id e  c o n c e n tr a t io n  i n  th e  b lo o d  o f  t h e  h ig h  s a l t  
group  s i g n i f i c a n t l y  g r e a t e r  th a n  th e  c o n tro ls *  O th e rw ise , t h e r e  w ere 
no s i g n i f i c a n t  d i f f e r e n c e s  in  c o n c e n tr a t io n  o f  Na and K and h a e m a to c r i t  
v a lu e s  o f  th e  b lo o d . The Na and K c o n c e n tr a t io n s  i n  th e  m ilk  w ere 
how ever h ig h e r .
Meyer e t  a l ,  (1955) gave v a r io u s  am ounts o f  s a l t  to  sheep 
in c r e a s in g  to  94 and 128 gAg o f  d i e t .  There w ere in c re a s e d  k id n e y
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w e ig h ts  b u t no a f f e c t s  on t h e  a d r e n a ls ,  b lo o d  album en o r  h a e m a to c r i t  
v a lu e s .  Savage and M c llv a in  ( l 9 5 l ) ,  found no d i f f e r e n c e  i n  l i v e  w e ig h t 
g a in ,  b lood  c o n s t i tu e n t s  o r  g e n e r a l  h e a l th  o f  s t e e r s , ' s e l f - f e d ’ s a l t -  
c o t to n s e e d  m ix tu re s  a s  com pared to  o th e r s  'h a n d -g iv e n ' th e  same amount o f  
c o t to n s e e d  m eal w ith o u t s a l t .  Meyer and W eir ( l9 5 4 ) j  a l s o  r e p o r te d  no 
e f f e c t  o f  h ig h  s a l t  in t a k e  on l i v e  w e ig h t g a in , b lo o d  h a e m a to c r i ts ,  
serum  album en and  Na, b u t b lo o d  c h lo r id e  was in c r e a s e d .  M ilk  c h lo r id e  
c o n te n t  ivas a l s o  in c r e a s e d  f o r  th e  h ig h  s a l t  t r e a tm e n ts .
I n  m ost o f  th e s e  e a r l i e r  t r i a l s  w hich c o n s id e re d  th e  e f f e c t  o f  
h ig h  d i e t a r y  s a l t  in t a k e  on a n im a l h e a l th  and p e rfo rm a n c e , rumen f i l l  
was n o t  m easured  and as  a  r e s u l t  an  in c re a s e d  w a te r  r e t e n t io n  on th e  
s a l t  d i e t s  co u ld  have masked l i v e  w e ig h t d i f f e r e n c e s  betw een t r e a tm e n ts .  
A nim als g iv e n  h ig h  s a l t  d i e t s  w i l l  d r in k  more w a te r  e .g .  R iggs e t  a l .  
( 1953)5 M osely and  Jones ( l9 7 4 )*  R iggs e t  a l .  (1953) found t h a t  cows 
g iv e n  h ig h  s a l t  d i e t s  d ran k  c o n s id e ra b ly  more w a te r  and e x c re te d  7 tim e s  
th e  u r in e  volume o f  c o n t r o l  c a t t l e .  O ver-w et b ed d in g  may be a  p rob lem  
w ith  housed  ru m in a n ts  g iv e n  la r g e  am ounts o f  s a l t .
The e f f e c t  o f  h ig h  s a l t  in t a k e s  on th e  d ig e s t iv e  e f f i c i e n c y  o f  
ru m in a n ts  has  been  th e  s u b je c t  o f  s e v e r a l  s tu d ie s  e .g .  R iggs e t  a l .  
( 1953)5  Meyer e t  a l ,  (1955)5 N elso n  e t  a l .  ( l9 5 5 ) j  Kromann and Ray 
( 1967)5 J a c k so n , Kromann and Ray (1971)5 M oseley and Jo n es  (1974)*
The r e s u l t s  o f  th e s e  t r i a l s  i n d i c a t e  t h a t  s a l t  may a f f e c t  d i g e s t i b i l i t y  
b u t th e  l i t e r a t u r e  i s  d iv id e d  on w h e th e r  th e  re sp o n se  i s  b e n e f i c i a l  o r  
d e t r im e n ta l  t o  th e  a n im a l, A d e t a i l e d  rev ie w  v d .ll  be g iv e n  l a t e r  on i n  
t h i s  th e s i s *
( i i i )  U n p a la ta b ild .ty  o f  o th e r  b lo c k  c o n s t i tu e n t s
U rea i s  p ro b a b ly  th e  m ost im p o r ta n t a g e n t i n  t h i s  r e s p e c t .  Urea 
i s  in c lu d e d  in  many fe e d b lo c k s  a s  a  cheap so u rc e  o f  p r o t e i n  a t  ab o u t 
45 g /k g  o f  th e  fe e d b lo c k , e q u iv a le n t  to  ab o u t 120 to  130 g c ru d e  p r o t e i n /  
kg . H ig h er in c lu s io n s  a r e  som etim es em ployed, p a r t i c u l a r l y  vd.th th e
14,
u r e a / m in e i 'a l / s a l i  s upp 1 em ent- ty p e  f e e d b lo c k s , %vhich ai^e f r e q u e n t ly  u se d  
u n d e r ra n g e  c o n d itio n s *  In  t h i s  i n s t a n c e ,  th e  u r e a  in c lu s io n  uiay be 
up to  330  g /k g .
The u n p a la ta b le  n a tu r e  o f  u re a  h as  been c l e a r l y  docum ented . e« g . 
T o i l e t ,  S w art, l o s e t  and  Tem pleton (1969 ) gave c o n c e n tr a te  p e l l e t s  to  
c a t t l e  a t  ran g e  g ra z in g  and l o s e t  (1969) gave su p p lem en ts  in d i v id u a l ly  
to  c a t t l e  r e c e iv in g  a  low  p r o t e i n  h ay . Each measured t h e  p r o p o r t io n  o f  
f e e d  r e f u s e d  when d i f f e r e n t  n i t ro g e n o u s  so u rc e s  w ere u se d . T h e ir  
r e s u l t s  w e re .
T o i l e t  e t  a l .  (1 9 6 9 )
C o n s t i tu e n t  I n c lu s io n  r a t e  Feed r e f u s e d  
g /k g  /
C o tto n se e d  
o r  soya bean  
M eal
B iu r e t
Urea
708
67
100
3Ô
56
1*1
2*5
9 -7
28-5
33*0
l o s e t  (1969)
I n c lu s io n  r a t e  Feed r e f u s e d  
g /k g  /
530
57
15
25
50
0*9
6«3
2*7
12*9
55*9
W ith more th a n  a b o u t 20 g u r e a /k g  o f  supp lem en t c o n s id e ra b le  
u n p a l a t a b i l i t y  was r e c o rd e d .  As th e  u re a  in c lu s io n  i n  m ost fe e d b lo c k s  
ex ceed s  t h i s  am ount, u re a  p e r  s e  m ust be a  p o te n t  a g e n t r e s t r i c t i n g  
fe e d b lo c k  in t a k e ,  u n le s s  some o th e r  in g r e d i e n t  c o m p le te ly  m asks i t s  t a s t e .
S im i la r  f in d in g s  w ere r e p o r te d  by l a s s i t e r .  G rim es, Duncan and 
Huffman (1 9 5 8 ); Van H orn, Foreman and R odriguez (1 9 6 7 ); H o l te r ,
C o lovos, D avis and Urban (1 9 6 8 ) ; H ebîier, B a r t le y ,  Deyoe, Meyer and  
P f o s t  ( 1970 ) :  w ith  d a i r y  cows o f f e r e d  u re a  c o n ta in in g  c o n c e n tr a te  d i e t s .
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D ecreased  c o n c e n tra te  in t a k e s  a n d /o r  in c re a s e d  consum ption tim e s  w ere 
o b se rv e d  compared to  non ui*ea. c o n ta in in g  c o n c e n t r a te s .  K ing, Embry and 
Enex'ick (1965) w ith  lambs and B r ig g s , G a llu p , B arlow , S tep h en s and Kiim ey 
( 1974 ) \ f i th  b e e f  c a lv e s  a l s o  n o te d  th e  u n p a l a t a b i l i t y  o f  u re a  c o n ta in in g  
fo o d s . In  some c irc u m s ta n c e s  ( e . g .  dam pness and n o n - a c id ic )  u re a  i n  
fe e d s  may decompose to  p ro d u ce  ammonia which i s  a l s o  known to  red u ce  
p a l a t a b i l i t y .
Among o th e r  common fe e d b lo c k  in g r e d i e n t s ,  c a lc in e d  m a g n e s ite  (MgO) 
i s  w id e ly  re g a rd e d  a s  b e in g  u n p a la ta b le .  Most b lo c k s  p ro v id e  
su p p lem en ta ry  magnesium i n  t h i s  fo rm , i n  am ounts betw een 20 to  70 g 
MgO/kg. A p art from  i t s  a f f e c t  on t a s t e  some form s o f  magnesium o x id e  
may in c r e a s e  th e  h a rd n e s s  o f  th e  b lo c k .
O th e r s u b s ta n c e s  in c lu d e d  i n  fe e d b lo c k s  w hich may have an  
in f lu e n c e  on p a l a t a b i l i t y  and  in t a k e  a r e  th e  b in d e rs  o r  h a rd n e rs  u sed  to  
m a in ta in  p h y s ic a l  i n t e g r i t y .  These in c lu d e  d i s t i l l e ly  b y -p ro d u c ts ,  
l i g n i n  s u lp h o n a te ,  c a lc iu m  s u c r o s a te  and b e n to n i te .  G e n e ra lly  t h e i r  
e f f e c t  on fe e d b lo c k  in ta k e  in  q u a n t i t a t i v e  te rm s  i s  unknov/n, b u t l ig n i .n  
su lp h o n a te  and ca lc iu m  s u c r o s a te  ( a t  l e a s t )  have been  shown to  be 
u n p a la ta b le  i n  some c irc u m s ta n c e s ,
( i v )  P h y s ic a l  r e s t r i c t i o n  o f  b lo c k  i n ta k e  by c o n ta in e r s
The a d v ic e  g iv e n  by th e  b lo c k  m a n u fa c tu re rs  t o  th e  s to c k f e e d e r ,  
r e g a rd in g  th e  u se  o f  c o n ta in e r s  f o r  b lo c k s  te n d s  to  be b o th  a r b i t a r y  and 
i n c o n s i s t e n t . Sometimes c o n ta in e r s  a r e  ad v o ca ted  f o r  u se  w ith  c a t t l e ,  
b u t n o t  f o r  sh e e p . O th e r  f a c t o r s  w hich a p p e a r  to  in f lu e n c e ,  when and 
w here b lo c k  c o n ta in e r s  a r e  u se d  a r e  ground c o n d i t io n s ,  w h e th er th e  s to c k  
a r e  housed  o r  n o t  and c l im a t ic  f a c t o r s ,  such a s  r a i n f a l l .  In  h ig h  
r a i n f a l l  a r e a s ,  a  c o n ta in e r  m igh t a c c e l e r a t e  th e  d i s i n t e g r a t i o n  o f  a 
b lo c k  by t r a p p in g  w a te r .
C o n ta in e rs  in  t h e i r  s im p le s t  form  may be an o ld  t y r e  o r  a  c u t -
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down o i l  drum ( f o r  a  w h e e l-sh a p e d  b lo c k ) ;  o th e r  c o n ta in e r s  a re  more 
s o p h i s t i c a t e d  and f i t  e x a c t ly  a ro u n d  th e  b lo c k . The l a t t e r  ty p e  a r e  
u s u a l ly ,  p u rp o s e ly  s u p p lie d  by th e  m a n u fa c tu re r s .  In  th e  f in a l ,  a n a l y s i s ,  
th e  stockm an d e c id e s  when and w here a  c o n ta in e r  i s  em ployed, r e g a r d le s s  
o f  th e  m a n u fa c tu re rs  recom m endations.
In  m ost c irc u m s ta n c e s ,  th e  u se  o f  c o n ta in e r s  m ust in f lu e n c e  th e  
l e v e l  and p a t t e r n  in  w hich a p a r t i c u l a r  b lo c k  i s  consum ed. B lock 
consum ption  may be red u ce d  by c o n ta in e r s  in  two w ays. F i r s t l y ,  by 
r e d u c in g  th e  s u r f a c e  a r e a  a v a i l a b l e  to  th e  s to c k  and p r o te c t in g  f r a g i l e  
p a r t s  such  a s  th e  b lo c k  c o r n e r s .  S eco n d ly , by a l t e r i n g  th e  p r e h e n s i l e  
m echanism  by w hich a n im a ls  remove b lo c k  m a te r i a l ,  i . e .  by e n co u ra g in g  
l i c k i n g  and d is c o u ra g in g  b i t i n g  o r  v ic e  v e r s a .  The u s e  o f  c o n ta in e r s  
may in c r e a s e  b lo c k  consum ption  by f o r  exam ple k eep in g  th e  b lo c k  more 
f r e e  o f  mud a n d /o r  f a e c a l  c o n ta m in a tio n  o r  by p ro v id in g  a  s u r fa c e  to  
p r e v e n t  th e  b lo c k  «mo\rlng when i t  i s  pushed  in  cheifing  o r  l i c k in g  by th e  
a n im a l,
The in f lu e n c e  o f  c o n ta in e r s ,  to g e th e r  *.d.th th e  o th e r  chem i.cal and 
p h y s ic a l  c o n s t r a i n t s  in h e r e n t  in  any p a r t i c u l a r  b lo c k , i n  c o n tro l3 d n g  
in t a k e  w d th in  a  d e f in e d  and d e s i r e d  l e v e l  f o r  any group  o f  s to c k  i n  a  
g iv e n  s i t u a t i o n ,  h as  n o t  been  docum ented . N e i th e r  h as  th e  in f lu e n c e  o f  
m a n a g e r ia l  m easu res  recommended by th e  b lo c k  m a n u fa c tu re rs  such  a s  th e  
s i t i n g  o f  b lo c k s , ( e s p e c i a l l y  i n  r e l a t i o n  to  th e  w a te r  s u p p ly ) ,  th e  
number o f  b lo c k s  on o f f e r  to  any group o f  s to c k  o r  p e r  u n i t  o f  a r e a  and  
t h e i r  recommended r a t e  o f  r e p le n is lm ie n t ,
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THE COI#ERCIAL DEVELOPMENT OF THE USE OF FEEDBJX)CKS IN THE UlCTED 
KINGDOM
The fe e d b lo c k  co n cep t o r ig in a te d  in  South  A f r ic a  a s  a means o f  
p ro v id in g  su p p lem en ta ry  n u t r i e n t s  to  ru m in an ts  g ra z in g  p o o r q u a l i t y  
v e ld  h e rb a g e . F eedb lo ck s w ere in t ro d u c e d  in t o  th e  U n ited  Kingdom in .  
th e  e a r ly  1960’s ,  a l th o u g h  m in e ra l  b lo c k s  had been a v a i l a b l e  much 
e a r l i e r *  The u se  o f  fe e d b lo c k s  was slow  to  g a in  fa v o u r  and i n  1963 an 
e s t im a te  (from  w ith in  th e  f e e d b lo c k  m a n u fa c tu r in g  in d u s t r y .  S te r n ,
1974 p u t  t o t a l  a n n u a l u se  a t  u n d er 1000 to n n es*  By 1970 
consum ption  was e s t im a te d  a t  1 5 ,0 0 0  to n n e s  in c r e a s in g  r a p id l y  to  4 0 ,0 0 0  
to n n e s  i n  1972* The e s t im a te d  t o t a l  fe e d b lo c k  s a le s  i n  1975 w ere 
6 0 ,0 0 0  to n n e s  (L iv e s to c k  Farm ing, O cto b er 1976) w hich i n d i c a t e s  some 
r e d u c t io n  o f  th e  r a t e  o f  e x p a n s io n .
T here seems to  be no way o f  a s c e r t a in i n g  w hat p r o p o r t io n  o f  
fe e d b lo c k s  a r e  g iv e n  to  c a t t l e  and sheep  r e s p e c t iv e ly .  I t  i s  p ro b a b ly  
th e  case  t h a t  th e y  a r e  u sed  i n  B r i t a i n  p re d o m in a n tly  i n  u p la n d  a r e a s  
w here tro u g h  fe e d in g  o f  compound fe e d s  i s  d i f f i c u l t  to  a rra n g e *  To p u t  
th e s e  e s t im a te s  o f  t h e  a n n u a l u se  o f  fe e d b lo c k s  in  c o n te x t ,  t h e  am ount 
o f  p r o p r i e t a r y  sheep  fo o d s  m a n u fa c tu re d  i n  B r i t a i n  h as  d e c l in e d  from  
a b o u t 1 0 0 ,000  to nnes/annum  i n  th e  y e a r s  1965 to  1970 to  a b o u t 70 ,000  
to n n e s  i n  1971 to  1976. (Compound A nim al F e e d s tu f f s  M a n u fa c tu re rs  
N a tio n a l  A s s o c ia t io n ) .
The t o t a l  q u a n t i ty  o f  fe e d b lo c k s  u sed  a n n u a l ly  may now be 
s u b je c t  t o  c o n s id e ra b le  f l u c t u a t i o n ,  depend ing  on am ongst o th e r  f a c t o r s  
th e  s e v e r i t y  and e x te n t  o f  th e  v d n te r  o r  d ry n e ss  o f  t h e  summer. B oth a 
p ro lo n g e d  iv in te r  and d ro u g h t d u r in g  th e  summer seem t o  enco u rag e  th e  
u se  o f  b lo c k s .
The p r i n c i p a l  fe e d b lo c k  u sed  in  th e  U n ited  Kingdom a p p e a rs  to  be 
"R um evite" (Rumenco Co. L t d . ,  B u r to n -o n -T re n t)  b u t  more r e c e n t ly  a  vride 
ran g e  o f  o r g a n is a t io n s  ( in c lu d in g  m a jo r com panies i n  th e  f e e d i n g - s t u f f s
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t r a d e  such  a s  C o lborn  Ltd* and  B O O M  -  S ilc o c k  L t d , ) have s t a r t e d  to  
p ro d u ce  fe ed b lo ck s*
The com m ercial su c c e s s  and demand f o r  fe e d b lo c k s  i s  r e f l e c t e d  i n  
th e  b e w ild e r in g  a r r a y  o f  p ro d u c ts  now a v a i la b le *  There a p p e a r  t o  be 
o v e r  50 a p p a r e n t ly  d i f f e r e n t  fe e d b lo c k s  m arke ted  by a t  l e a s t  20 
com m ercial o r g a n is a t io n s *  Some may be e s s e n t i a l l y  th e  same co m p o sitio n  
a s  o th e r s ,  d i f f e r i n g  o n ly  i n  w e ig h t ,  shape and p a c k a g in g . The p o s i t i o n  
o f  th e  p u rc h a s e r  i s  c o n fu s in g  a s  v e ry  l i t t l e  in fo rm a tio n  i s  a v a i l a b l e  on 
co m p o sitio n  o th e r  th a n  th e  u re a  and p r o t e i n  c o n te n ts*
An e s s e n t i a l  f e a t u r e  o f  th e  fe e d b lo c k  co n ce p t i s  th e  ’s e l f - h e l p , ’ 
a s p e c t ,  w here s to c k  have u n l im ite d  a c c e s s  to  th e  su p p le m e n ts . T h is  
o f te n  demands th e  in c lu s io n  o f  n o n - n u t r i t i o n a l ly  u s e f u l  in g r e d i e n ts  to  
m a in ta in  fe e d b lo c k  i n t e g r i t y  and to  c o n t r o l  in ta k e *  The p ro p o r t io n  
th e s e  s u b s ta n c e s  ta k e  up in  th e  t o t a l  fe e d b lo c k  fo rm u la tio n  v a r i e s ,  b u t 
i s  g e n e r a l ly  c o n s id e ra b le *  T h e re fo re ,  th e  M E v a lu e  o f  fe e d b lo c k s  i s  
i n v a r i a b ly  f a r  below  t h a t  f o r  c o n c e n tr a te  su p p le m e n ts . A lso  each  
fe e d b lo c k  i s  a  p h y s ic a l  e n t i t y ,  r e q u i r in g  in d iv id u a l  h a n d l in g  and 
p a c k a g in g , u n l ik e  c o n c e n tr a te s  w hich can be h an d led  and packaged  in  
g r e a t e r  b u lk .  The n e t  e f f e c t  o f  th e s e  two f a c to r s  i s  t h a t  fe e d b lo c k s  
a r e  more ex p en s iv e  on a  d ry  m a t te r  b a s is  and when com pared on an  M E 
b a s i s  th e y  may be n e a r ly  tw ic e  a s  ex p e n s iv e  a s  c e r e a l  b ased  compounds* 
The presum ed co n v en ien ce  and la b o u r  sa v in g  a t t r i b u t e s  o f  b lo c k  
f e e d in g  have c o n t r ib u te d  enorm ously  t o  th e  p o p u la r i ty  o f  fe e d b lo c k s .  
However, s e v e r a l  n u t r i t i o n a l  and management i n t e r l i n k e d  b e n e f i t s  
a c c ru in g  from  th e  u se  o f  fe e d b lo c k s  have been e x te n s iv e ly  p ro p o se d .
The o r ig i n  o f  th e s e  c la im ed  b e n e f i t s  h as  l a r g e ly ,  b u t  n o t  e x c lu s iv e ly  
a r i s e n  from  so u rc e s  i n s id e  th e  b lo c k  m a n u fa c tu r in g  o rg a n is a t io n s *  
P u b lis h e d  d a ta  o b ta in e d  u n d e r c o n t r o l l e d ,  e x p e r im e n ta l c o n d i t io n s  on 
th e  vaDJ^dity o f  th e s e  c la im s  a r e  n o t  l a r g e l y  a v a i la b le *
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A REVIEW OF THE PUBLISHED LITERATURE ON FEEDBLOCKS
The p u b l is h e d  l i t e r a t u r e  on th e  p r i n c i p l e s  o f  b lo c k  fe e d in g  and 
th e  v a l i d i t y  o f  th e  r e s u l t i n g  c la im ed  ad v a n ta g e s  o f  b lo c k  fe e d in g  
sy s te m s , i s  n o te w o rth y  f o r  i t s  s c a r c i t y .  Very few  com m unications r e l a t e  
to  th e  u se  o f  fe e d b lo c k s  u n d er U.K. c o n d i t io n s .
Most o f  th e  p u b lis h e d  e x p e rim en ts  r e f e r  to  e x te n s iv e  ra n g e  o r  v e ld  
c o n d i t io n s  where th e  m ost f r e q u e n t ly  u sed  c r i t e r i o n  o f  an im a l p e rfo rm a n ce  
has been  l iv e - w e ig h t  ch an g e . The m a jo r i ty  o f  th e  r e s u l t s  i n d i c a t e  a 
r e d u c t io n  in  th e  l iv e - w e ig h t  l o s s  o r  a t  th e  m ost a  s m a ll p ro m o tio n  o f
g a in ,  when N P N c o n ta in in g  fe e d b lo c k  su p p l^ iie n ts  have been  o f f e r e d  to
ru m in a n ts  u n d e r d ry , ran g e  c o n d i t io n s .  T h is  re sp o n se  to  fe e d b lo c k  
su p p le m e n ta tio n  seems t o  be in v e r s e ly  r e l a t e d  to  roughage q u a l i t y .  
However, in  many e x p e rim e n ts  th e  e x a c t  re a so n s  fo r  t h i s  d im in u tio n  o f
l i v e  w e ig h t l o s s ,  a p p e a r  n o t  to  be c l e a r l y  d e f in e d .
Under ran g e  o r  v e ld  c o n d i t io n s ,  th e  v a r i a b le s  w hich may 
c o n t r ib u te  to  t h e  m agn itude  o f  any  re sp o n se  from  fe e d b lo c k  
su p p le m e n ta t io n , such  a s  roughage  q u a l i t y  and q u a n t i ty  and c l im a t ic  
f a c t o r s ,  a r e  much more u n ifo rm  th a n  i n  th e  U.K. T h e re fo re ,  th e  
e x t r a p o la t io n  o f  r e s u l t s  g e n e ra te d  u n d e r ran g e  o r  v e ld  c o n d i t io n s  to  
th e  U.K. s i t u a t i o n  m ust be c a r r i e d  o u t w ith  ex trem e c a u t io n .
20.
E xperim en ts  w here th e  p r o v is io n  o f  fe e d b lo c k  su p p lem en ts  have 
red u ce d  th e  m agn itude o f  l iv e - w e ig h t  l o s s  f o r  c a t t l e ,  in c lu d e  th e  
work o f  P i e t e r s e  and De Kock (1962) u s in g  15 month o ld  s t e e r s .  On p o o r  
q u a l i t y  v e ld  g ra z in g ,  c a t t l e  o f f e r e d  b lo c k  sup p lem en ts  c o n ta in in g  e q u a l 
p a r t s  o f  s a l t ,  u re a  and  d ic a lc iu m  p h o sp h a te  l o s t  0*1 k g /d a y , w h ile  
c a t t l e  r e c e iv in g  o n ly  s a l t  and d ic a lc i u u  p h o sp h a te  l o s t  s i g n i f i c a n t l y  
m ore l i v e  w e ig h t (0*22 k g /d a y ) .  The b lo c k  in ta k e s  am ounted to  112 g /h ^ ad  
d a y  and 129 g /h e a d /d a y  r e s p e c t i v e l y .  The in c lu s io n  o f an e n e rg y  s o u rc e , 
i n  th e  form  o f  y e llo w  m e a lie  m eal a t  250 g /k g  o f  th e  b lo c k , r e s u l t e d  in  
an in c re a s e d  b lo c k  in ta k e  o f  286 g /d a y  and a  f u r t h e r  r e d u c t io n  i n  DJ.ve 
w e ig h t l o s s  to  0*04  k g /d a y .
P i e t e r s e  (1 9 6 1 ), a l s o  r e p o r te d  i n  th e  r e s u l t s  o f  two t r i a l s  u n d er 
ran g e  c o n d i t io n s ,  a  red u ce d  l iv e - w e ig h t  l o s s  i n  re sp o n se  to  fe e d b lo c k  
s u p p le m e n ta tio n . In  th e  f i r s t  t r i a l ,  30-m onth o ld  c a t t l e  w ere g iv e n  
e i t h e r  a 6?0 g bonem eal and 330  g s a l t / k g  b lo c k  o r  a  s im i l a r  b lo c k  o f  
c o m p o sitio n  500 g bonem eal, 250 g s a l t  and 250 g u re a /k g , g iv e n  w ith  
e i t h e r  280 g m o la sse s  o r  224 g m a iz e /d a y .
The c a t t l e  r e c e iv in g  no u re a  l o s t  0 -40  k g /d a y , th o s e  g iv e n  th e  
u re a  b lo c k  p lu s  m o la sse s  l o s t  0*06 k g /d a y  and th o s e  g iv e n  th e  u re a  
b lo c k  p lu s  m aize l o s t  o n ly  0*03 k g /d a y . The r e s p e c t iv e  b lo c k  in ta k e s  
w ere 204 g , 182 g and 207 g /d a y . The u re a  in ta k e  v a r ie d  from  42 to  56 
g /d a y .  In  th e  second  t r i a l ,  y e a r l in g  c a t t l e  w ere o f f e r e d  a  s a l t /  
bonem eal b lo c k  a s  b e fo re  o r  th e  u r e a / s a l t /b o n e m e a l  b lo c k . IVhen no u re a  
was g iv e n , b lo c k  in ta k e  was 246 g /d a y  and l iv e - w e ig h t  l o s s  was 0«33 k g /  
d ay . Those supp lem en ted  vrnth u re a  consumed 216 g /d a y  and m a in ta in e d  
l i v e  w e ig h t.
Beames (1963) exainined th e  e f f e c t  o f  su p p lem en tin g  c a t t l e  o f  two 
age g roups u n d er y a rd e d  c o n d i t io n s  w ith  a  fe e d b lo c k  c o n ta in in g  400 g 
u r e a ,  100 g m o la s se s , 475 g s a l t  and 25 g t r i s o d iu m  p h o s p h a te /k g . The 
c a t t l e  a l s o  re c e iv e d  hay  (35 g C P /k g )  ad  Id.biturn* The p r o v is io n  o f
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su p p lem en ta ry  N P N in  th e  fe e d b lo c k  in c re a s e d  hay  in ta k e s  o f  14 and 
26-m onth o ld  c a t t l e  by 46  and 2 9 /  r e s p e c t iv e ly *  The o ld e r  c a t t l e  l o s t  
an  a v e ra g e  0 .2 5  k g /d a y  o v e r a  16I  day p e r io d  on hay a lo n e  b u t o n ly  
0*09 k g /d a y  f o r  th e  fe e d b lo c k  supp lem en ted  g ro u p . The y o u n g er c a t t l e  
l o s t  0*14  k g /d ay  o v e r  an 85 day p e r io d  on hay a lo n e  b u t g a in e d  0*13 k g /  
day f o r  th e  fe e d b lo c k  supp lem en ted  c a t t l e *  The in t e r d a y  fe e d b lo c k  
in ta lc e s  v a r ie d  g r e a t ly ,  p a r t i c u l a r l y  f o r  th e  o ld e r  c a t t l e .  D uring  th e  
i n i t i a l  week o f  s u p p le m e n ta t io n , th e  mean fe e d b lo c k  in t a k e  was 53 g /d a y  
com pared v /ith  370 g /d a y  f o r  t h e  second  week ( 13O g u i-e a /d a y ) . T here 
%iras l e s s  v a r i a t i o n  i n  b lo c k  in ta k e  f o r  th e  younger c a t t l e  b e in g  iv ith in  
th e  ran g e  137 t o  193 g /d a y .
Burns (1 9 6 5 ), co n d u c ted  t r i a l s  iv ith  fe e d b lo c k s  c o n ta in in g  3 00 g 
u r e a /k g ,  o f f e r e d  to  10 - month o ld ,  s h o r th o rn  c a t t l e  u n d e r ran g e  
c o n d i t io n s .  These c a t t l e  consuned 94 g /d a y  o f  th e  fe e d b lo c k  and l o s t  
an  a v e ra g e  o f  0*08 k g /d a y  com pared w ith  a n im a ls  r e c e iv in g  no b lo c k , 
w hich l o s t  0*17 k g /d a y . In  a  second t r i a l  w ith  7-m onth o ld  c a t t l e ,  th e  
p r o v is io n  o f  su p p lem en ta ry  n i t r o g e n  i n  a  fe e d b lo c k  r e s u l t e d  in  a  l i v e -  
w e ig h t lo s s  o f  0*04  k g /d a y  a s  com pared w ith  0*12 k g /d a y  f o r  supp lem en ted  
a n im a ls .  The mean fe e d b lo c k  in ta k e  i n  t h i s  second t r i a l  was 60 g /d a y . 
B ishop and G ro b le r  ( l 9 7 l )  o f f e r e d  s e p a r a te  g roups o f  y e a r l in g  
s t e e r s  g ra z in g  v e ld  d u r in g  w in te r ,  fe e d b lo c k s  c o n ta in in g  e i t h e r  ( a )  
f i s h  m eal o r  (b )  u re a  and 300  g m aize m e a l/k g  o r  ( c )  a  c o n t r o l  b lo c k  
c o n ta in in g  o n ly  bone f l o u r  and s a l t .  T here  was no d i f f e r e n c e  i n  l i v e -  
w e ig h t l o s s  (4  kg) o v e r  th e  e x p e r im e n ta l p e r io d  f o r  th e  c a t t l e  g iv e n  
th e  n i t r o g e n  c o n ta in in g  fe e d b lo c k s  b u t  a  s i g n i f i c a n t l y  g r e a t e r  l i v e -  
w e ig h t l o s s  -v-jas o b se rv ed  (35  kg) f o r  c a t t l e  o f f e r e d  th e  c o n t r o l  b lo c k .
Reyneke (1971) co n d u c ted  a  t r i a l  u s in g  3 g roups o f  10 F r ie s la n d  
cows on v e ld  g ra z in g  (C P 24 t o  44 g /k g ) o v e r 3 s u c c e s s iv e  w in te r s .
The fo llo w in g  t r e a tm e n ts  w ere g iv e n  w hich in c lu d e d  th e  p r o v is io n  o f  
b lo c k  su p p lem en ts  ( a )  a  b lo c k  c o n ta in in g  e q u a l p a r t s  o f  s a l t ,  d ic a lc iu m
p h o sp h a te  u re a  and yelJ.ow m a iz e , (b )  a  s im i la r  b lo c k  p lu s  s u f f i c i e n t  
m aize s i l a g e  (6*8 kg) to  su p p ly  5 0 / o f  th e  N re q u ire m e n ts  fo r  
m a in te n a n c e , ( c )  a  b lo c k  c o n ta in in g  235 g y e llo w  m aize m ea l, 235 g 
d ic a lc iu m  p h o s p h a te , 235 g v o l a t i l e  f a t t y  a c id  sodium  s a l t s ,  235 g 
u r e a  and 59 g s a l t /k g *  The r e s p e c t iv e  mean b lo c k  in t a k e s  w ere 290, 266 
and 317 g /d a y .  A f u r t h e r  group  o f  cows w ere g iv e n  a  b lo c k  (d )  c o n ta in in g  
e q u a l p a r t s  s a l t  and d ic a lc iu m  p h o sp h a te  and no N P N These cows l o s t  
2 2 /  l i v e  w e ig h t o v e r th e  w in te r  p e r io d s .  The cows g iv e n  t r e a tm e n t  ( a )  
l o s t  s i g n i f i c a n t l y  m ore l i v e  w e ig h t, ( lO /)  and ( 4 / )  f o r  n o n - g e s ta t in g  and 
p re g n a n t an im a ls , r e s p e c t iv e ly ,  th a n  th o s e  on t r e a tm e n ts  (b )  o r  ( c ) .
T hree f u r t h e r  g roups o f  10 cows w ere w in te re d  in  pens and r e c e iv e d  
s u f f i c i e n t  m aize s i l a g e  to  s a t i s f y  th e  N re q u ire m e n ts  f o r  m a in ten a n ce , 
p lu s  one o f  th e  fo llo w in g  ( e )  a  s i m i l a r  b lo c k  to  ( d ) ,  ( f )  a  b lo c k  
c o n ta in in g  e q u a l p a r t s  d ic a lc iu m  p h o sp h a te , s a l t  and u r e a ,  (g )  a  s im i la r  
b lo c k  to  ( c ) .  The r e s p e c t iv e  mean b lo c k  in ta k e s  w ere 17; 142 and 259 g /  
d a y . The l iv e - w e ig h t  l o s s  ( 3 / )  d id  n o t d i f f e r  s i g n i f i c a n t l y  f o r  th e  
penned  cows.
O th e r w o rk e rs  have sho%m. in p ro v e d  l iv e - w e ig h t  g a in s  i n  c a t t l e  
g iv e n  fe e d b lo c k s ,  e . g .  A lto n a , Rose and  T i l l e y  ( i9 6 0 )  r e p o r te d  t h a t  
y e a r l i n g  c a t t l e  g iv e n  p o o r q u a l i t y  hay  v /ith  s a l t  b lo c k s  c o n ta in in g  300g 
u re a /k g  g a in e d  0*28 k g /d a y  more th a n  c a t t l e  g iv e n  s a l t  b lo c k s  a lo n e .
S im i la r  r e s u l t s  w ere found by P e a rc e  ( l9 7 3 )  who u n d e r U.K. c o n d i t io n s  
showed t h a t  th e  l iv e - w e ig h t  g a in  o f  ho u sed , y e a r l in g  s t e e r s  g iv e n  
m o d era te  o r  p o o r q u a l i t y  hay c o u ld  be in c re a s e d  by fe e d b lo c k  su p p lem en ta tion , 
\Vhen th e  c a t t l e  w ere g iv e n  hay 57 g C P /k g  p lu s  a  fe e d b lo c k  c o n ta in in g  
45 g u r e a /k g ,  th e  l iv e - w e ig h t  g a in  was 0*2? k g /d a y  g r e a t e r  th a n  f o r  
c a t t l e  g iv e n  th e  hay  a lo n e .  The re s p o n s e s  when th e  c a t t l e  w ere g iv e n  
hay  c o n ta in in g  e i t h e r  71 g.C  P /k g  o r  90 g C P /k g  w ere o n ly  0*08 and  
0*03 k g /d ay  r e s p e c t iv e l y .  As th e  m agn itude o f  re sp o n s e  to  fe e d b lo c k  
su p p la m e n ta tio n  was in v e r s e ly  r e l a t e d  to  roughage q u a l i t y ,  any  im provem ent
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i n  l iv e - w e ig h t  g a in  a p p e a re d  to  be a s s o c ia t e d  w ith  th e  u re a  i n  th e  
b lo c k .
In  c o n t r a s t  to  th e  work o f  P i e t e r s e  and De Kock (1 9 6 2 ), L esch ,
Keram and Van Schallcvyk (1 9 6 ?) found no a d d i t i o n a l  b e n e f i t  f o r  c a t t l e  
o f  p ro v id in g  an en erg y  s o u rc e  a d d i t i o n a l  to  N P N i n  a  b lo c k .  These 
w o rk ers  o f f e r e d  hay  (30  g C P /k g )  ad l i b i t i m  to  4 g ro u p s  o f  9 month 
o ld  s t e e r s  v /ith  one o f  4 d i f f e r e n t  b lo c k s  ( a ) s a l t  and d ic a lc iu m  
p h o sp h a te  a lo n e  (b )  s a l t  and d ica lc ium , p h o sp h a te  id -th  250 g m aize  s t a r c h /  
kg ; ( c )  w ith  250 g u r e a /k g  o r  (d )  250 g u re a  and 250 g m a ize  s ta r c h /k g .  
The in t a k e  o f  u re a  was betw een 46 to  53 g /d a y  and t h i s  in c r e a s e d  hay  
in t a k e s  to  th e  l e v e l  w here c a t t l e  r e c e iv e d  in  t o t a l  50-60 % m ore T D M  
th a n  r e q u i r e d  f o r  m a in te n a n c e . The c a t t l e  g iv e n  th e  s a l t /D  C P b lo c k  
l o s t  1 1 .8  g N /d a y ,  th o s e  g iv e n  th e  m aize m eal in c lu s io n  l o s t  1*8 g N . /  
day , th o s e  on th e  u re a  f o r t i f i e d  b lo c k  g a in ed  2*9 g N /d a y  and th e  u re a  
and m aize supp lem en ted  an im a ls  g a in e d  2*0 g N /d a y .
A f a i l u r e  to  show any  b e n e f i c i a l  e f f e c t  o f  fe e d b lo c k  
su p p le m e n ta tio n  was r e p o r te d  by Jo n e s  ( 1966) u s in g  c a t t l e  g ra z in g  
im proved p a s tu r e .  The fe e d b lo c k s  u se d  c o n ta in e d  350 g u r e a /k g ,  
m o la s se s  and s a l t  and consum ption  was 56 g /d a y . The c rude  p r o t e i n  c o n te n t  
o f  th e  g r a s s  s e l e c te d  by th e  c a t t l e  was e s t im a te d  to  be 62*5 g/kg> 
w hich l a r g e l y  p re c lu d e s  any m a jo r re sp o n se  to  N P N When th e  c a t t l e  
g ra z e d  p o o re r  h e rb ag e  th e  b lo c k  consum ption was 64 g /d a y . T here  v/as no 
i n t e r a c t i o n  betw een g r a s s  q u a l i t y  and sup p lem en t, in  t e r n s  o f  l i v e -  
w e ig h t l o s s .
B o lin g , B rad ley  and L o v e l l  ( l 9 7 l )  a l s o  found  no re s p o n s e  to  
fe e d b lo c k  s u p p le m e n ta tio n  i n  te rm s o f  l iv e - w e ig h t  g a in .  These w o rkers  
gave a v a r i e ty  o f  sup p lem en ts  in c lu d in g  fe e d b lo c k s  to  300  kg , y e a r l in g  
s t e e r s  on ran g e  fo ra g e  c o n ta in in g  99 g C P and 302 g C F /k g .  The 
fe e d b lo c k s  u sed  c o n ta in e d  370 g C P ,  13O g  s a l t ,  70 g ca lc iu m  and 
12*5 g p h o sp h o ru s /k g  p lu s  v ita m in  A and t r a c e  e le m e n ts .  F eedb lock
2U,
I n ta k e  was 0 .2 1  k g /d a y . A gain , th e  f a i l u i 'e  t o  o b ta in  a  re sp o n se  i s  i n  
ag reem en t w ith  th e  a c c e p te d  v iew  t h a t  th e  v o lu n ta ry  in t a k e  o f  ro u g h ag es  
i s  n o t  in c r e a s e d  when t h e i r  c ru d e  p r o t e i n  c o n te n t i s  above a  p a r t i c u l a r  
l e v e l ,
P e a rc e  and Raven (1973 ) gave y e a r l i n g  c a t t l e  f e e d b lo c k s  c o n ta in in g  
u r e a ,  v e g e ta b le  p r o t e i n  o r  c o m b in a tio n s  t h e r e o f .  A re sp o n s e  to  
fe e d b lo c k  su p p le m e n ta tio n  in  te rm s o f  l iv e - w e ig h t  g a in  was found b u t 
t h i s  d id  n o t a p p e a r  to  be m e d ia te d  th ro u g h  th e  su p p lem en ta ry  n i t r o g e n  
p ro v id e d , a s  no in c r e a s e  i n  hay  consum ption  was r e c o rd e d . However, th e  
hay o f f e r e d  c o n ta in e d  101 g c ru d e  p r o te i n /k g  w hich i s  a d e q u a te  p e r  se  
to  s a t i s f y  n i t r o g e n  re q u ire m e n ts  f o r  rumen m e tab o lism . The m ag n itu d e  o f  
th e  re s p o n s e  in c r e a s e d  a s  th e  u re a  c o n te n t  o f  th e  fe e d b lo c k  d e c re a se d  
and v e g e ta b le  p r o t e i n  in c r e a s e d .  In  t h i s  ex p erim en t th e  re sp o n se  to  
fe e d b lo c k  s u p p le m e n ta tio n  seem ed to  be v ia  th e  e x t r a  d i e t a r y  en e rg y  
a f f o r d e d .
The e f f e c t  o f  fe e d b lo c k  s u p p le m e n ta t io n  on th e  l iv e - w e ig h t  changes 
o f  sheep  h as  a l s o  been  th e  s u b je c t  o f  s e v e r a l  i n v e s t i g a t i o n s ,  a g a in  
m a in ly  u n d e r e x te n s iv e  ra n g e  c o n d i t io n s .  F or in s ta n c e  Beames and 
M o rris  (1965) s tu d ie d  th e  e f f e c t  o f  f e e d b lo c k  su p p le m e n ta tio n  on th e  
p e rfo rm a n ce  o f  M erino w e th e r s .  The sheep  w ere g iv e n  hay  ad  D ib itum  
c o n ta in in g  35 g c ru d e  p r o te in /k g  o v e r  a  l6  week p e r io d .  One group o f  
20 w e th e rs  r e c e iv e d  no su p p lem en t, a  second  re c e iv e d  a  b lo c k  c o n ta in in g  
500 g s a l t ,  100 g m o la s s e s ,  50 g p o l l a r d s  and 350  g u r e a /k g ;  a  t h i r d  
group  w ere o f f e r e d  a  s im i l a r  b lo c k  b u t w ith  o n ly  200 g u r e a /k g ;  a  
f o u r th  group r e c e iv e d  a  b lo c k  c o n ta in in g  no su p p lem en ta ry  en erg y  i n  th e  
form  o f  m o la sse s  o r  p o l l a r d s .  S upp lem en ta ry  n i t r o g e n  in c r e a s e d  th e  
in t a k e  o f  hay . Those sheep  r e c e iv in g  no supp lem en t l o s t  2 0 /  o f  t h e i r  
i n i t i a l  l i v e  w e ig h t, t h e  sheep  g iv e n  th e  fe e d b lo c k s  c o n ta in in g  e x t r a  
en e rg y  l o s t  s i g n i f i c a n t l y  l e s s  ( l O / ) ,  w h ile  th e  sheep  g iv e n  th e  fe e d b lo c k  
w ith  no e n e rg j  l o s t  1 2 /  o f  t h e i r  l i v e  w e ig h t.
Buchanan and Shone (1966) co n d u c ted  two e x p e rim e n ts  w ith  g ro u p s 
o f  18 month o ld  M erino ewes g iv e n  v e ld  hay (50 g G P and 407 g 0 F /  
kg ) ad  l i b i tu m .  In  th e  f i i ' s t  ex p e rim en t o v e r a  5 2 -day p e r io d  th e  sheep  
w ere g iv e n  fe e d b lo c k s  c o n ta in in g  e i t h e r  ( a )  u r e a ,  m a ize , s a l t  and 
d i s t i l l e r s  m o la sse s  d r ie d  s o lu b le s  (b )  u re a ,  m aize and  v e g e ta b le  p r o t e i n ;  
o r  ( c )  s a l t  and d ic a lc iu m  p h o s p h a te . The b lo c k  in t a k e s  w ere 95; 191 and 
21 g /d a y  r e s p e c t iv e l y .  T here was no s i g n i f i c a n t  d i f f e r e n c e  i n  hay 
in ta k e  betw een  th e  g ro u p s . The l iv e - w e ig h t  lo s s e s  o f  9 ; 0 and  44 g /d a y  
( a ) ,  (b )  and ( c )  r e s p e c t iv e l y  showed t h a t  in c lu s io n  o f  su p p lem en ta ry  
n i t r o g e n  was o f  s i g n i f i c a n t  b e n e f i t .
In  a  fo llo w in g  52 day  p e r io d ,  th e  sheep  w ere g iv e n  e i t h e r  120 g /
day o f  each  o f  th e  same n i t r o g e n  supp lem en ted  b lo c k s  o r  20 g /d a y  o f
th o s e  composed o f  o n ly  s a l t  and  d ic a lc iu m  p h o sp h a te  b u t th e  b lo c k s  w ere 
b roken  i n t o  p ie c e s  b e fo re  f e e d in g .  A gain th e  sheep g iv e n  th e  
su p p lem en ta ry  n i t r o g e n  l o s t  s i g n i f i c a n t l y  l e s s  l i v e  w e ig h t .
In  th e  second  e x p e rim e n t, g ro u p s o f  6 sheep  w ere g iv en  hay  and 
w a te r  e i t h e r  o r  a lo n e  w ith  ( a ) ,  a  m o la sse s  m eal c o n c e n tr a te  a t  a  f ix e d  
d a i l y  a l l o c a t i o n  o f  227 g /h e a d /d a y ; o r  (b )  a  u r e a - s a l t  fe e d b lo c k  
a l lo m n g  f r e e  a c c e s s ;  o r  ( c )  a  m o la sse s -m e a l c o n c e n tra te  c o n ta in in g  220 
g s a l t A g  a l lo w in g  f r e e  a c c e s s ;  o r  (d )  a  u re a -m o la s se s  s o lu t io n  on f r e e  
a c c e s s  o f f e r .  The fe e d b lo c k  in ta k e  was o n ly  18 g A e a d /d a y  w hile t h a t  o f  
th e  'f r e e - a c c e s s 'c o n c e n t r a t e  was 9 g /h e a d /d a y . The in ta k e  from  th e  
l i q u i d  am ounted to  200 g /h e a d /d a y ,  T liere was no s i g n i f i c a n t  d i f f e r e n c e  
i n  hay  in ta k e  betw een th e  t r e a tm e n ts .
The re a s o n s  f o r  th e  re d u c e d  l iv e - w e ig h t  l o s s  o b se rv e d  i n  th e  f i r s t
e x p e rim e n t, when th e  sheep  w ere g iv e n  a fe e d b lo c k  r a t h e r  th a n  a  m in e ra l 
b lo c k  a r e  confounded i n  s e v e r a l  w ays. F i r s t l y ,  i t  i s  n o t  p o s s ib le  to  
d i f f e r e n t i a t e  betw een th e  re s p o n s e  to  en erg y  and n i t r o g e n  in  te rm s o f  
l iv e - w e ig h t  change . No in c r e a s e  i n  hay in ta k e  r e s u l t e d  from  th e  
p r o v is io n  o f  e x t r a  n i t r o g e n  th e r e f o r e  i t  a p p e a rs  l i k e l y  t h a t  m ost o f
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th e  red u ce d  l iv e - w e ig h t  l o s s  was due to  th e  energ^r s u p p l ie d  by th e  
m aize  and v e g e ta b le  p r o t e i n .  The sm a ll  numbers o f  sheep  p e r  group 
(6  sh e e p ) a l s o  l in d .t s  th e  c o n f id e n c e  t h a t  can be p la c e d  on th e  d a t a .
Van N ie k e rk , Basson and M ulder ( 1967 ) u sed  a  fe e d b lo c k , 
c o n ta in in g  190 g u re a  and 120 g m o la s se s /k g  p lu s  bonem eal and  s a l t ,  a s  
a  su p p lem en t f o r  bo th  ewes and w e th e rs  u n d e r c o n d i t io n s  o f  d ro u g h t. 
S im i la r  sheep  w ere g iv e n  a  c o n t r o l  b lo c k  c o n ta in in g  650 g bonem eal and 
350  g s a l t / k g .  In  a d d i t io n  a l l  th e  sheep  r e c e iv e d  259 g /h e a d /d a y  o f  
y e llo w  m aize o r  th e  same t o t a l  a l l o c a t i o n  once o r  tw ic e  w eek ly . A ll  th e  
w e th e rs  g a in e d  and m ost o f  th e  ewes l o s t  l i v e  w e ig h t .  The mean d a i l y  
in ta k e  o f  u re a  was 4 g w hich had  no s i g n i f i c a n t  e f f e c t  on l i v e  w e ig h t . 
G iv ing  m aize  e v e ry  day  a p p e a re d  to  be o f  b e n e f i t  b u t d id  n o t  a p p e a r  to  
i n t e r a c t  w ith  t h e  fe e d in g  o f  u r e a .
C re sw e ll ,  G i l l  and F r a s e r  (1968) exam ined th e  e f f e c t  o f  g iv in g  
a  p r o p r i e t a r y  fe e d b lo c k  (R um ev ite) to  H erdwick w e th e rs  g iv e n  hay (60  g 
C P and 340  g C F /k g )  ad  l i b i t u m .  Rum evite c o n ta in s  u r e a ,  c e r e a l s ,  
s a l t  and E .G . fe e d  ( d i s t i l l e r s  m o la sse s  d r ie d  s o l u b l e s ) .  One group o f  
21 sheep  r e c e iv e d  no su p p lem en t. The second  group r e c e iv e d  fe e d b lo c k  
b ro k en  in t o  fra g m e n ts  o f  a p p ro x im a te ly  2*7 k g . F eed b lo ck  in t a k e s  
in c r e a s e d  d u r in g  th e  ex p e rim e n t from  35 g /d a y  in  weeks 1 to  3 to  a mean 
o f  252 g /d a y  in  weeks 18 to  2 1 , T here  was no s i g n i f i c a n t  d i f f e r e n c e  i n  
hay  in ta k e  betw een  th e  g ro u p s  b u t w a te r  in ta k e  was s i g n i f i c a n t l y  h ig h e r  
f o r  th e  fe e d b lo c k  su p p lem en ted  a n im a ls .  The fe e d b lo c k  su p p lem en ted  
w e th e rs  g a in e d  14  g /d a y  com pared w ith  a l o s s  o f  22 g /d a y  when no b lo c k  
was g iv e n .  T h is  d i f f e r e n c e  was h ig h ly  s i g n i f i c a n t .  Wool g row th  was 
a l s o  s i g n i f i c a n t l y  im proved  f o r  th e  sheep  g iv e n  th e  f e e d b lo c k . A 
m ic r o b io lo g ic a l  s tu d y  c a r r i e d  o u t  on two sheep  from  each  t r e a tm e n t ,  
showed h ig h e r  c o u n ts  o f  t o t a l  f r e e ,  r im iin a l b a c t e r i a  f o r  th e  sheep  
g iv e n  fe e d b lo c k . T here was how ever, no d i f f e r e n c e  i n  th e  r a t e  o f  
d ig e s t io n  o f  c e l lu lo s e  th r e a d s  betw een th e  t r e a tm e n ts .  The a u th o rs
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p o s tu la te d  t h a t  i f  th e  p r o to z o a l  numbers and rumen volum es .in th e  
supp lem en ted  and unsupp lem en ted  sheep  w ere s im i l a r  th e n  t h i s  in c r e a s e  
i n  b a c t e r i a l  num bers w ould p ro d u ce  a  g r e a t e r  su p p ly  o f  u t i l i s a b l e  
p r o t e i n .  They a l s o  in d i c a te d  t h a t  any p r o te in - c o n c e n t r a te  supp lem en t 
w ould p ro b a b ly  p ro d u ce  a  s i m i l a r  r e s u l t .  The s n a i l  numbers o f  sheep  
exam ined l im i. ts  th e  em phasis w hich can be p la c e d  on th e  d a ta  and 
f u r t h e r  work i s  r e q u i r e d .
U nsw orth, Lamb and A rm strong (1966) a l s o  s tu d ie d  th e  
su p p le m e n ta tio n  o f  sheep  w ith  R um evite . Hiey r e p o r te d  t h a t  i n  th e  
f i r s t  o f  th r e e  e x p e rim e n ts  one in g r e d i e n t  o f  Rum evite (E Ü F eed) 
s i g n i f i c a n t l y  d e p re s s e d  th e  d ry  and o rg a n ic  m a t te r  d i g e s t i b i l i t y  o f  th e  
hay w hich c o n ta in e d  55 g C P and 312 g C F /k g .  In  two f u r t h e r  
e x p e r im e n ts , o n ly  u re a  w hich s i g n i f i c a n t l y  im proved n i t r o g e n  
d i g e s t i b i l i t y ,  had any  e f f e c t  on roughage u t i l i s a t i o n .
S a r i f -S a rb a n  and Menke (1970) u sed  Rum evite a s  a  p r o t e i n  so u rce  
in  a  c o n c e n tra te  g iv e n  to  sheep  in  an e x te n s iv e ,  a r i d  s i t u a t i o n .  The 
fo rm u la tio n  o f  th e  Rum evite b lo c k  used  was g iv e n  a s  500 g m a ize , 260 g 
E C fe e d ,  150 g s a l t ,  60 g u r e a  and 30  g m in e ra l /v i ta m in  m in z tu re /k g .
The b a s a l  r a t i o n  g iv e n  c o n s is te d  o f  200 g b a r le y  s tr a w , 280 g D M o f  
w et b e e t  p u lp  s i l a g e  and 150 g lu c e rn e  h ay . R um evite was in c lu d e d  i n  
th e  c o n c e n tr a te  supp lem en t a t  th e  l e v e l  o f  210 g /k g ,  e q u iv a l.e n t to  13 g 
i i r e a /k g  i n  th e  o v e r a l l  su p p lem en t, w hich a l s o  c o n ta in e d  b a r le y  and b e e t  
p u lp .  The amount o f  c o n c e n tr a te  g iv e n  v a r ie d  betw een 0*5 to  1*5 k g /  
h e a d /d a y . A com parison  o f  Rumevd.te, u re a  and c o t to n s e e d  cake a s  p r o t e i n  
so u rc e s  in  th e  c o n c e n tr a te  m ix was c a r r i e d  o u t com pared w ith  sheep  g iv e n  
no p r o t e i n  supp lem en t in  th e  c o n c e n tr a te  m ix . T here was l i t t l e  
d i f f e r e n c e  i n  l iv e - w e ig h t  g a in  f o r  th e  p r o te i n  supp lem en ted  sheep  and 
a b o u t 50 g /d a y  ad v an tag e  o v e r  th e  sheep  r e c e iv in g  no p r o te i n  
supplem ent*  The a u th o rs  s u g g e s t  t h a t  b ecau se  th e  sheep  g iv e n  Rum evite 
re c e iv e d  s l i g h t l y  l e s s  en erg y  b u t d id  n o t  d i f f e r  in  l iv e - w e ig h t  g a in
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from  th e  o th e r  p r o t e i n  su p p lem en ted  sh e e p , an  i n t r i n s i c  b e n e f i t  o f  one 
o f  th e  o th e r  Rum evite i n g r e d i e n t s  such  a s  E C fe e d  o r  t r a c e  e lem en ts  
on ui’ea  u t i l i s a t i o n  c o u ld  have o c c u r r e d .  E q u a lly  l i k e l y ,  how ever, i s  
an  in c r e a s e d  w a te r  r e t e n t i o n  in  th e  d ig e s t i v e  t r a c t  due to  g r e a t e r  Na 
in t a k e s  r e s u l t i n g  from  th e  R um evite c o n c e n tr a te  su p p le m e n t. ( 20g N a/kg 
com pared w ith  6 g N a/kg f o r  t h e  o th e r  t r e a tm e n t s ) .
The p erfo rm an ce  o f  sheep  su p p lem en ted  v d th  R um evite b lo c k s  u n d er 
h i l l  c o n d i t io n s  was m o n ito re d  in  r e p o r t s  by R o b e rts  ( 1967 ) and (1 9 7 2 ) . 
R o b e rts  (1967) made a v a i l a b l e  one 25*5 kg b lo c k  each  week to  25 -  30 
ewes on u p la n d  g ra z in g  f o r  an  11 week p e r io d  b e fo re  la m b in g . The 
r e s u l t i n g  lam bing  p e rc e n ta g e  a v e ra g e d  o v e r 4 v / in te r s  was 93 w hich was 
c la im e d  to  be 2 3 /  g r e a t e r  th a n  i n  p re v io u s  y e a r s .  The in t a k e  o f  
fe e d b lo c k  was e s t im a te d  to  be I 40  g /d a y  a l th o u g h  t h i s  q u a n t i ty  may have 
been  d e te rm in e d  by r a t i o n i n g  r a t h e r  th a n  a p p e t i t e  o f  th e  sh e e p . A 
com parison  w ith  s im i l a r  ew es, g iv e n  hay  ad  l i b i tu m  p lu s  I 40  g /h e a d /d a y  
o f  c o n c e n tr a te s  and d r a f t e d  dovjn to  in -b y e  la n d  r e v e a le d  v i r t u a l l y  no 
d i f f e r e n c e  i n  ewe p e rfo rm a n c e  betw een th e  two m ethods o f  w in te r  f e e d in g .
A su b se q u e n t r e p o r t  R o b e rts  (19 7 2 ) c o n ta in e d  r e s u l t s  o f  t r i a l s  
in v o lv in g  fe e d b lo c k s  o f  th e  R um evite ty p e ,  e i t h e r  g iv e n  a lo n e  o r  w ith  
m o lassed  su g a r  b e e t  p u lp  c u b e s . No s t a t i s t i c a l  t r e a tm e n t  was q u o te d  f o r  
any  o f  th e s e  e x p e rim e n ts  and  th e  p a ra m e te rs  m easured  such  a s  ewe l i v e  
w e ig h t, lamb b i r t h  and w eaning  w e ig h ts  and lam bing  p e rc e n ta g e s  r e v e a le d  
o n ly  v e ry  sm a ll d i f f e r e n c e s  betw een th e  g ro u p s .
The re le v a n c e  o f  much o f  th e  d a ta  accu m u la ted  by R o b e r ts ,  i s  
h ig h ly  q u e s t io n a b le  b eca u se  co n c o m ita n t management and p a s tu r e  
im provem ents accom panied  th e  R um evite b lo c k  e x p e r im e n ts . F o r i n s ta n c e ,  
l a r g e  a r e a s  o f  h i l l  w ere e n c lo se d  by fe n c in g  and g ra z in g  c o n t r o l  
e f f e c t e d .  T hese a r e  e q u a l ly  l i k e l y  to  have c o n t r ib u te d  to  th e  
in c r e a s e d  lam b ing  p e rc e n ta g e s  o b ta in e d  o v e r  th e  y e a r s  when b lo c k s  w ere
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g iv e n . In  s h o r t  th e  c a l i b r a t i o n  o f  any re sp o n se  a c c ru in g  from  Rum evite 
s u p p le m e n ta tio n  was confounded  by th e  la c k  o f  c o n t r o l  o v e r th e  
e x p e r im e n ta l c o n d i t io n s .
The p u b lis h e d  l i t e r a t u r e  on th e  u s e fu ln e s s  o f  fe e d b lo c k s  f o r  
ru m in an t a n im a ls  i n d i c a t e s  t h a t  u n d e r  c o n d i t io n s  o f  q u a l i t a t i v e  a n d /o r  
q u a n t i t a t i v e  u n d er n u t r i t i o n ,  th e  p r o v is io n  o f  su p p lem en ta ry  n u t r i e n t s  
i n  t h i s  form  can be e f f e c t i v e  i n  re d u c in g  l iv e - w e ig h t  l o s s  o r  p ro m o tin g  
a  sm a ll l i v e  w e ig h t g a in ,  N P N ( u s u a l ly  a s  u r e a )  i s  in s t r u m e n ta l  to  
t h i s  end . As v i r t u a l l y  a l l  t h e  fe e d b lo c k s  u sed  i n  th e  ex p e rim e n ts  
rev iew ed  c o n ta in e d  a p p r e c ia b le  q u a n t i t i e s  o f  s a l t  i t  i s  p o s s ib le  t h a t  
some o f  th e  im proved  l iv e - w e ig h t  s t a t u s  may be due to  in c r e a s e d  v /a te r  
r e t e n t i o n ,  t h i s  may be e s p e c i a l l y  r e l e v a n t  when no s a l t - c o n t a i n i n g  
c o n t r o l  b lo c k s  w ere g iv e n ,
Wien th e  q u a l i t y  o f  th e  a v a i l a b l e  roughage ap p ro ac h es  ab o u t 50 to  
60 g crude  p r o te in /k g ,  th e  re sp o n s e  to  b lo c k  s u p p le m e n ta tio n  i n  te rm s  o f  
in c r e a s e d  roughage u t i l i s a t i o n  may be v e ry  sm a ll o r  n o n - e x i s t e n t .  Any 
f u r t h e r  impi*ovement i n  l i v e  w e ig h t a p p e a rs  to  be m e d ia te d  v ia  an  
a d d i t i o n a l  in p u t  o f  en e rg y  com m ensurate v i t h  th e  amount o f  g a in  d e s i r e d .
OBJECTIVES OF THIS THESIS
T here i s  a d i s t i n c t  l a c k  o f  c r i t i c a l  and i m p a r t i a l  in fo rm a tio n  
a v a i l a b l e  on th e  n u t r i t i v e  v a lu e  o f  many fe e d b lo c k s  u sed  i n  th e  
Thi.s a p p l i e s  e q u a l ly  to  th e  n u t r i t i o n a l  c o n te n t  a t t r i b u t a b l e  to  th e  
b lo c k  in g r e d i e n t s  p e r  s e  and a l s o  t h e i r  c a p a c ity  to  im prove th e  in t a k e  
and t o  a  l e s s e r  e x te n t  th e  d i g e s t i b i l i t y  o f  low  q u a l i t y  ro u g h ag es  such 
a s  c e r e a l  s t r a w s ,  p o o r hay  and w in te r  h e rb a g e . I t  has been  one o f  th e
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m ajo r o b je c t iv e s  o f  t h i s  t h e s i s  t o  a t t e n p t  to  o b ta in  su ch  in f o r m a t io n „ 
T here a p p e a rs  to  be o n ly  one r e p o r t  on th e  e f f e c t  o f  w ea th e r 
on fe e d b lo c k  i n t a k e s .  D ucker and  F ra s e r  (1975) r e p o r te d  i n  s m a ll  s c a le  
t r i a l s  t h a t  th e  v o lu n ta ry  I n ta k e  o f  one p r o p r i e t a r y  b lo c k  th e n  a v a i l a b l e  
i n  th e  U.K. d e c re a se d  a s  am b ien t te m p e ra tu re  ap p ro ach ed  w hich was
n o t n e c e s s a r i l y  .in a c c o rd  w ith  n u t r i t i o n a l  needs* However, th e  e f f e c t  
o f  snow co v er was t o  in c r e a s e  b lo c k  i n t a k e s .  Much more in fo rm a tio n  i s  
r e q u i r e d  on th e  e f f e c t  o f  w e a th e r  on fe e d b lo c k  in ta k e s  and a  second  
o b je c t iv e  o f  t h i s  t h e s i s  h as  been  to  p ro v id e  in fo rm a tio n  to w ard s  t h i s  
en d .
The in f lu e n c e  o f  a  w hole v a r i e t y  o f  m a n a g e r ia l  p r a c t i c e s  such  as
f re q u e n c y  o f  r e p la c in g  b lo c k s ,  number o f  b lo c k s  on o f f e r  p e r  group o f
a n im a ls  o r  a r e a  o f  la n d  and th e  e f f e c t  o f  c o n ta in e r s  on b lo c k  in ta lc e  h as
n e v e r  been  exam ined. The s u c c e s s  o r  o th e rw ise  o f  th e  m easures ta k e n  by
th e  fe e d b lo c k  m a n u fa c tu re rs  to  c o n t r o l  f e e d b lo c k  in ta k e  i n  any  g iv e n
s i t u a t i o n ,  such  as  s a l t  i n c lu s io n  and b lo c k  h a rd n e s s ,  h as  n e v e r  been
s tu d ie d .  T h is  in fo rm a tio n  i s  a  n e c e s s i t y  f o r  a  f u l l  u n d e rs ta n d in g  o f  th e
p o t e n t i a l  u se s  o f  fe e d b lo c k s  i n  an im a l p ro d u c tio n  sy s te m s ,
Tlie in d i v id u a l  v a r i a t i o n  in  feedb lock  consum ption seems to  have
been  exam ined by o n ly  th r e e  p re v io u s  w o rk e rs . Beames (1963) o b ta in e d
r e c t a l  g rab  sam ples o v e r  4“day p e r io d s .  F or a group o f  14-m onth s t e e r s
th e  mean in ta k e  was 320 g /d a y  ( ra n g e  214 to  361) and th e  c o e f f i c i e n t  o f
in d i v id u a l  v a r i a t i o n  (C V ) was 2 8 / .  F or a  group o f  25-m onth s t e e r s  th e
mean in ta k e  was 430 g /d a y  ( ra n g e  352 to  468) and (C V ) 1 2 * 3 /.
Beames and M o rris  (1965) u s in g  d a ta  o b ta in e d  by th e  t o t a l
c o l l e c t i o n  o f  fa e c e s  o v e r 7 days from  3 groups o f  20 w e th e rs  re c o rd e d
mean in ta k e s  o f  19, 26 and 47 g /d a y  w ith  th e  ra n g e  g e n e r a l ly  from  a b o u t
5 to  90 g and (C V ) from  a b o u t 39 to  54/*
P e a rc e  and Raven ( l9 7 3 )  e s t im a te d  in d iv id u a l  fe e d b lo c k  in t a k e  by
c o l l e c t i n g  fa e c e s  q u a n t i t a t i v e l y  from  6 s t e e r s  i n  m e tab o lism  cages ov er 
a 2 4 -h r  p e r io d .
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F or mean in ta k e s  o f  600, 1560, 2400 and  32,50 g /d a y  r e s p e c t iv e l y  th e  
c o rre sp o n d in g  C V v a lu e s  w ere 79 , 34 ; 19 and l 6 / .  I t  does n o t 
n e c e s s a r i l y  fo llo w  t h a t  th e  r e d u c t io n  i n  v a r i a t i o n  n o t ic e d  w ith  
in c r e a s e  in  in ta k e  i s  a  p ro p e r  c o n c lu s io n  a s  fo u r  d i f f e r e n t  b lo c k s  w ere 
u sed  w ith  a p r o g r e s s iv e  re p la c e m e n t o f  u re a  ( lo w e s t in t a k e )  by g ro u n d n u t 
( h ig h e s t  in ta k e )w h ic h  would have a l t e r e d  th e  p a l a t a b i l i t y  o f  t h e  b lo ck s*
Foot and R u ss e l ( l9 7 3 )  u sed  a  t o t a l  c o l l e c t i o n  te c h n iq u e  to  e s t im a te  
th e  i n d i v id u a l  v a r i a t i o n  i n  in t a k e  o f  c o n c e n tra te  p e l l e t s  g iv e n  to  ewes 
i n  tro u g h s  i n  a  group s i t u a t i o n .  The r e s u l t i n g  (C V ) o f  i n d i v id u a l  
in t a k e  (120 g a l lo w e d A e a d /d a y ) was 3 6 /  w ith  in d iv id u a l  in t a k e s  v a ry in g  
from  14  t o  157 g /d a y .
One o f  th e  presum ed a d v a n ta g e s  o f  b lo c k  f e e d in g  i s  t h a t  b eca u se  
by d e f i n i t i o n  th e  b lo c k s  a r e  on o f f e r  c o n t in u o u s ly , a  more u n ifo rm  
su p p le m e n ta tio n  irn.ght be e f f e c t e d  th a n  i s  p o s s ib le  when su p p lem en ta ry  
n u t r i e n t s  a r e  p ro v id e d  i n  t r o u g h s .  There i s  no p u b l is h e d  work w here th e  
su p p le m e n ta tio n  o f  s to c k  w ith  s in d .la r  q u a n t i t i e s  o f  m a te r i a l  by e i t h e r  
tro u g h  o r  b lo c k  m ethods has been  com pared. One o f  th e  o b je c t iv e s  o f  t h i s  
t h e s i s  h as  been to  e v a lu a te  th e  e f f i c i e n c y  o f  th e  two form s o f  
su p p le m e n ta tio n  i n  te rm s o f  in d i v id u a l  v a r i a t i o n  lu ider b o th  housed  and 
f i e l d  c o n d i t io n s .  A lso to  a s s e s s  th e  e x te n t  t o  w hich  a n in a ls  may 
c o m p le te ly  r e f u s e  to  consuiiie th e  supp lem en ts  given* A know ledge o f  
i n d iv id u a l  in t a k e  v a r i a t i o n  f o r  any  fe e d in g  sy stem  i s  im p o r ta n t  and 
e s p e c i a l l y  f o r  fe e d b lo c k s  w liich a r e  f r e q u e n t ly  u sed  a s  c a r r i e r s  o f  
su p p le m e n ta ry  m agnesium , a n th e lm in t ic s  e t c .  to  c o u n te r a c t  th e  p o s s ib le  
e f f e c t s  o f  a n im a l d i s e a s e .
A n o th er e x te n s iv e ly  c la im e d  ad v an tag e  o f  b lo c k  fe e d in g  i s  t h a t  
s to c k  a r e  a b le  to  r e g u la te  t h e i r  b lo c k  cornsumption a c c o rd in g  to  t h e i r  
n u t r i t i o n a l  re q u ire m e n ts  in  b o th  q u a l i t a t i v e  and q u a n t i t a t i v e  te rm s . 
A l t e r n a t iv e ly ,  b eca u se  o f  th e  ’ s e l f - h e l p ’ a t t r i b u t e s  o f  b lo c k s .
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a n im a ls  a r e  a b le  to  e x h i b i t  'n u t r i t i o n a l  wisdom’ and make good d i .e ta ry  
d e f i c i e n c i e s  from  b lo c k  su p p lem en ts  p ro v id e d . D enton ( I 9 6 1 ) has  shown 
t h i s  to  be th e  c a se  f o r  sodium  c h lo r id e  b u t th e  e v id e n c e  f o r  o th e r  
d i e t a r y  c o n s t i tu e n t s  i s  l a r g e l y  to  th e  c o n t r a r y .  I t  h as  been  one o f  
th e  o b je c t iv e s  o f  th e  p r e s e n t  s tu d y  t o  e v a lu a te  th e  v a l i d i t y  o f  th e s e  
c la im s  f o r  s e l f - r e g u l a t i o n .
Summary o f  th e  o b je c t iv e s  o f  t h i s  t h e s i s
1 . A co m p ara tiv e  a sse ssm e n t o f  in d iv id u a l  v a r i a t i o n  in  in ta k e  o f  
’ s e l f - h e l p ’ fe e d b lo c k s  r e l a t i v e  to  more t r a d i t i o n a l  'h a n d - f e e d in g . ’
A lso  to  d e te rm in e  th e  p r o p o r t io n  o f  a  group o f  a n im a ls  w hich c o m p le te ly  
r e f u s e  t o  consume fe e d b lo c k s ,
2* To a s s e s s  w hat f a c t o r s  in f lu e n c e  t o t a l  group fe e d b lo c k  in ta k e  in  
any  g iv e n  s i t u a t i o n  and  w h e th e r  fe e d b lo c k s  can be r e l i e d  upon to  g iv e  
a u n ifo rm  p a t t e r n  o f  in t a k e  betw een d a y s .
3 . An e v a lu a t io n  o f  t i e  v a l i d i t y  f o r  c la im ed  ’ s e l f - r e g u l a t i o n '  and 
’n u t r i t io n a l - w is d o m ’ a s p e c t s  o f  fe e d b lo c k  in t a k e ,
4 . The a sse ssm e n t o f  th e  n u t r i t i v e  v a lu e  o f  th e  fe e d b lo c k s  a v a i l a b l e  
i n  th e  U .K ., b o th  i n d i r e c t l y  in  te rm s o f  e f f e c t  on roughage u t i l i s a t i o n  
and d i r e c t l y  in  te rm s o f  th e  b lo c k  in g r e d i e n t s  p e r  s e .
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MATERIALS AND METHODS
Ac FEEDBLOCKS
T here i s  an e x te n s iv e  ra n g e  o f  a b o u t 50 fe e d b lo c k s  c u r r e n t ly  
a v a i l a b l e  in  th e  U.K. F o r th e  p u rp o se s  o f  t h i s  t h e s i s  i t  was d e c id e d  to  
c o n c e n tr a te  on th r e e  d i f f e r e n t  fe e d b lo c k  ty p e s  r e p r e s e n t in g  d i f f e r e n t  
m a n u fa c tu r in g  te c h n iq u e s  and p h i lo s o p h ie s  o f  use* The fe e d b lo c k s  
chosen  w ere m a n u fa c tu red  by th r e e  in d e p e n d e n t o r g a n is a t io n s  w hich have 
th e  m ost im p o r ta n t  im p a c t v d th  fa rm e rs .  In  a d o p tin g  t h i s  ap p ro ac h , i t  
i s  n o t  in te n d e d  to  e n d o rse  p a r t i c u l a r l y  th e  u se  o f  th e s e  f e e d b lo c k s , n o r 
does i t  n e c e s s a r i l y  i_mply c r i t i c i s m  o f  o th e r  fe e d b lo c k s  n o t  examined*
The th r e e  d i f f e r e n t  fe e d b lo c k  ty p e s  used  have been
( i ) R um evite (Rumenco Co. L t d . . B u r to n -o n -T re n t, D e rb y sh ire )
T h is  i s  a  supp lem en t ty p e  b lo c k  p r i n c i p a l l y  in te n d e d  to  im prove 
th e  u t i l i s a t i o n  o f  p o o r q u a l i t y  ro u g h a g e . M anufac tu re  i s  by m o d era te  
co m pression  w ith  th e  in c lu s io n  o f  a  b in d in g  a g e n t .  The two t^rpes u sed  
"S ta n d a rd "  and  "High E nergy" can be u sed  ^/d.th b o th  c a t t l e  and sh e e p .
The fo rm u la tio n  o f  th e  " S ta n d a r d ," b lo c k  was g iv e n  by S a r if -S a rb a n  and 
Menke ( l9 7 0 )  a s  500 g c e r e a l ,  260 g EC fe e d  ( d i s t i l l e r s  m o la sse s  
d r ie d  s o lu b le s ) ,  150 g s a l t  60 g u re a  and 30 g m in e ra l  m ix tu re /k g .  I t  
i s  u n d e rs to o d  t h a t  th e  fo rm u la tio n  o f  th e  "High E nergy" b lo c k  i s  s im d.lar 
e x c e p t f o r  i n c lu s io n  o f  s a l t  w hich in  t h i s  case  i s  100 g /k g ,
R um evite fe e d b lo c k s  a r e  w h e e l- l ik e  in  shape (5 0  cm i n  d ia m e te r ,
10 cm i n  d e p th  and w e ig h t a p p ro x im a te ly  22*5 k g ) . The u se  o f  c o n ta in e r s  
such  a s  an o ld  t y r e ,  c u t down o i l  druiA o r  a  p u rp o se  b u i l t  t i n  i s  
recommended f o r  R um evite fe e d b lo c k s  p a r t i c u l a r l y  f o r  c a t t l e  and when 
f i e l d  c o n d i t io n s  a r e  w e t.
( i i )  C olborn  b lo c k s (C o lbo rn  Group L td .*  H eanor, D e rb y sh ire )
T h is  i s  a  s u b s t i t u t e - t y p e  fe e d b lo c k  made by an e x t ru s io n  p r o c e s s .  
The two ty p e s  u sed  have been "Sheep E nergy" and " C a t t le  B lo c k ."
3h.
C olborn  fe e d b lo c k s  a r e  cu b o id  i n  sh ap e  w ith  cham fered  c o rn e r s ,  a  
l o n g i tu d in a l ly  p r o je c te d  h o le  ru n s  th ro u g h  th e  b lo c k  (3*5 cm in  d ia m e te r)»  
The w e ig h t o f  each  C o lb o m  fe e d b lo c k  was 20 kg and d im en sio n s (32  x  23 x  
23 cm).
In  some c irc u m s ta n c e s  th e  u se  o f  c o n ta in e r s  i s  a d v o c a te d  f o r  
C o lborn  fe e d b lo c k s  b u t no d e f i n i t e  recom m endation i s  g iv e n .
( i i i )  W in taw ell (B C O M - S i lc o c k s  L td . .  B a s in g s to k e , H am pshire)
T hese a re  b o th  s u b s t i t u t e  o r  su p p le m e n t- ty p e  b lo c k s  d epend ing  on 
th e  p a r t i c u l a r  f e e d in g  c i rc u m s ta n c e s .  D uring 1974 i n  th e  e a r l i e r  p a r t  
o f  t h i s  w ork th e  b lo c k s  w ere made by a  ch em ica l s e t t i n g  p ro c e s s  u s in g  
no p r e s s u r e .  From 1975 a  co m b in a tio n  o f  c h e n ic a l  s e t t i n g  and e x t ru s io n  
p ro c e s s e s  h as  been  u s e d . ¥ in t a w e l l  290 i s  a s u b s t i t u t e - t y p e  b lo c k  
in te n d e d  f o r  sheep  and c a t t l e .  W in taw e ll 291 i s  a  s u b s t i t u t e - t y p e  b lo c k  
f o r  c a t t l e  o r  a  su p p lem en t~ t;j^e  b lo c k  f o r  sheep a s  th e  in t a k e  by sheep  
1- i l l  be low er th a n  w ith  th e  290 b lo c k .
The in ta k e  o f  W in taw e ll fe e d b lo c k s  i s  p r i n c i p a l l y  r e s t r i c t e d  by 
h a rd n e s s  w ith  th e  291 p ro d u c t c o n ta in in g  a  g r e a t e r  p ro p o tio n  o f  th e  
h a rd e n in g  a g e n ts  (M olasses  p lu s  l im e ) .  W in taw ell fe e d b lo c k s  o f  th e  
e a r l i e r  ty p e  (1974 ) w ere r e c t a n g u la r  cubes (42 x  29 x  19 cm) and 
w eighed 2 2 »7 k g . The l a t e r  ty p e  W in taw ell fe e d b lo c k s  (1976) w ere 
somewhat s m a l le r  20 kg b e in g  r e c t a n g u la r  cubes (34 x  23 x  23 cm ). The 
1976 W in taw e ll fe e d b lo c k s  had  cham fered  edges a t  th e  c o r n e r s .
Ho c o n ta in e r  i s  recommended by th e  m a n u fa c tu re rs  f o r  u se  w ith  
any o f  th e  W in taw e ll f e e d b lo c k s .
B locks o f  s ta n d a rd  m a n u fa c tu re  have been  u sed , th e  o n ly  
m o d if ic a t io n  b e in g  (w here r e q u i r e d )  th e  in c lu s io n  o f  c h ro m e  o x id e  a t  
a b o u t 2 t o  10 g /k g .  In  some e x p e rim e n ts  d i f f e r e n t  in c lu s io n s  o f  
magnesium compounds have been  in t ro d u c e d .
The chenn.cal a n a l y s i s ,  e s t im a te d  and d e r iv e d  ME c o n te n ts  o f  th e  
fe e d b lo c k s  used  a r e  g iv e n  i n  T ab le  1 . These a re  th e  mean co m p o sitio n s
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from  num erous sa m p lin g s . The e x a c t  co m p o sitio n  o f  fe e d b lo c k s  u sed  in  
any e x p e rim en t w here such  know ledge i s  c r i t i c a l  to  t h e  u n d e rs ta n d in g  
o f  th e  d a ta ,  w i l l  be g iv e n  when a p p r o p r ia t e .
B. ANALYTICAL METHODS
A ll  th e  a n a l y t i c a l  m ethods em ployed w ere e s t a b l i s h e d  p ro c e d u re s  
w hich  have been i n  u se  f o r  s e v e r a l  y e a r s ,
( i )  Dry and o rg a n ic  m a t te r  c o n te n ts  o f  f oods and fa e c e s
The d ry  m a t te r  (DM) i n  food  and  f a e c e s  sam ples was d e te rm in e d  by 
h e a t in g  0«5 to  1*0 kg q u a n t i t i e s  i n  an  oven a t  100°C f o r  36 to  4Ô h o u rs  
The o rg a n ic  m a t te r  (OM) c o n te n t  was d e te rm in e d  by p la c in g  a  
c r u c i b le  and c o n te n ts  i n  a  m u ff le  fu rn a c e  a t  600^0 f o r  4  h o u r s .  The 
co n se q u e n t l o s s  i n  w e ig h t was re c o rd e d  a s  th e  OM p r e s e n t  i n  th e  
o r i g i n a l  sam p le ,
( i i ) G ross en e rg y
The g ro s s  e n e rg y  o f  fo o d  and f a e c e s  sam ples was m easured  u s in g  a  
G allenkam p B a l l i s t i c  Bomb C a lo r im e te r , B enzo ic  a c id  (T herm ochem ical 
s ta n d a rd ,  BDH) v/as u sed  to  c a l i b r a t e  th e  in s t ru m e n t ,  Th.e sam ples and 
B enzo ic  a c id  w ere p e l l e t e d  u s in g  a  d ie  o p e ra te d  by a  h y d ra u l ic  p r e s s ,
( i i i )  T o ta l  n i t r o g e n
The t o t a l  n i t r o g e n  i n  foods and fa e c e s  was m easured  by th e  
s ta n d a rd  K je ld a h l te c h n iq u e  (K je ld a h l  1 8 8 3 ). P r io r  to  a n a ly s i s  th e  
sam p les o f  fa e c e s  w ere m a c e ra te d  w ith  w a te r  and a  sm a ll amount o f  
to lu e n e  a c c o rd in g  to  th e  te c h n iq u e  d e s c r ib e d  by th e  G ra s s la n d  R esea rch  
I n s t i t u t e  (C ,A ,B ,, 1 9 6 1 ),
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( XV) E th e r  e x t r a c t ,  c ru d e  f i b r e  and ash
The e th e r  e x t r a c t  (EE), c ru d e  f i b r e  (CF) and  a sh  c o n te n ts  o f  
fo o d s  and fa e c e s  w ere d e te rm in e d  by th e  s ta n d a rd  m ethods ( F e r t i l i s e r  
and  F e e d in g s tu f f s  Act 1 9 7 6 ).
(v )  Chromium
The chromium c o n te n t  o f  fo o d s and fa e c e s  was d e te rm in e d  by a to m ic  
a b s o rp t io n  sp e c tro p h o to m e try  a c c o rd in g  to  th e  m ethod o f  W illia m s , D avid 
and lism ao  (1 9 6 3 ) . S a n p le s  w ere i n i t i a l l y  d ry  a sh e d .
( v i )  Calcium  and magnesium
The ca lc iu m  and magnesium c o n te n ts  o f  b lo o d  and  food  sam ples w ere 
d e te rm in e d  by a to m ic  a b s o rp t io n  s p e c tro p h o to m e try .
( v i i )  P o ta ss iu m  and sodium
The p o ta ss iu m  and sodium  c o n te n ts  o f  foods w ere d e te rm in e d  by 
flam e p h o to m e try .
(v i i i )  Phosphorus
P hosphorus i n  foods and f a e c e s  was d e te rm in e d  by a  m o d if ic a t io n  
o f  th e  m ethod o f  C a v e ll ( l9 5 5 )»  P hosphorus in  b lo o d  was d e te rm in e d  by 
th e  m ethod o f  F isk e  and Subbarow (1 9 2 5 ) .
( i x )  B lood u re a
The u re a  c o n te n t  o f  b lo o d  sam ples was d e te rm in e d  by a  u r e a s e -  
n e s s l e r i z a t i o n  m ethod u s in g  th e  B o eh rin g e r Mannheim s e t  o f  r e a g e n ts .
(x )  Blood ammonia
The d e te rm in a t io n  o f  ammonia i n  w hole b lo o d  was c a r r i e d  o u t 
u s in g  th e  m icro  m ethod o f  H u tch in son  and Labby (1 9 6 2 ) .
( x i )  B lood p lasm a f r e e  f a t t y  a c id s
The FFA c o n c e n tr a t io n  in  b lo o d  p lasm a was d e te rm in e d  by th e  
c o lo u r im e t r ic  m ethod o f  I t a y a  and Ui (1 9 6 5 ) .
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( x i i )  B lood k e to n e  b o d ie s
The t o t a l  b lo o d  k e to n e  c o n te n t  was d e te rm in e d  by th e  m ethod o f  
R eid  ( I 9 6 0 ) .
EXPERIMENTAL TECHNIQUES
I ( i )  The u se  o f  chrom ic o x id e  in  n u t r i t i o n a l  s tu d ie s  and th e  p o t e n t i a l  
so u rc e s  o f  e r r o r  in v o lv e d  t h e r e i n
In  some c irc u m s ta n c e s  th e  la c k  o f  s u i t a b l e  equipm ent o r  th e
p a r t i c u l a r  n a tu re  o f  th e  t r i a l  may make i t  im p r a c t i c a l  to  m easure
d i r e c t l y  food  in ta k e  o r  f a e c e s  o u tp u t o r  b o th .  An exam ple o f  t h i s  i s
when a n im a ls  a r e  f e d  i n  a group and  m easurem ent o f  i n d i v id u a l  fe e d  in ta k e
i s  r e q u i r e d .  F a e c a l o u tp u t can s t i l l  be m easured  and i f  th e  d ry  m a t te r
in t a k e  i s  known th e  d i g e s t i b i l i t y  o f  th e  d i e t  can be d e te rm in e d ,
p ro v id in g  th e r e  i s  p r e s e n t  in  th e  fo o d  some s u b s ta n c e  w hich i s  known to
be c o m p le te ly  i n d i g e s t i b l e .  I f  th e  c o n c e n tra t io n  o f  t h i s  s u b s ta n c e  i n
th e  food  and i n  r e p r e s e n t a t i v e  sam ples o f  th e  f a e c e s  o f  each  an im a l i s
d e te rm in e d , th e  r a t i o  betw een th e  c o n c e n tr a t io n s  g iv e s  an  e s t im a te  o f
d i e t  d i g e s t i b i l i t y .
4 „ i n d i c a t o r  i n  fa e c e s  (g /k g  DM) -  i n d i c a to r
I . e .  D i g e s t i b i l i t y  ^  food  (g /k g  D î^ x  100
i n d i c a t o r  in  fa e c e s  (g /k g  DM)
The i n e r t  i n d i c a t o r  u sed  may be a  n a t u r a l  c o n s t i t u e n t  o f  th e  food  
( e . g .  l i g n i n )  o r  may be added  to  i t .  The s u b s ta n c e  m ost commonly added 
i s  chrom ic o x id e , ( Cr^O^) w hich i s  r e l a t i v e l y  cheap , i n e r t ,  non to x ic  
and has g iv e n  r e c o v e r i e s  c lo s e  bo 1 0 0 / i n  many ex p e rim en ts  w ith  
ru m in a n ts  (S tev en so n  and De Langen I9 6 0 ; C u rran , L eaver and Weston 196?),
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The d e te r ir i in a tio n  o f  f a e c a l  o u tp u t and hence d i g e s t i b i l i t y  u s in g  
chrom ic o x id e  was o r i g i n a l l y  u sed  ( l 9 l 8 )  i n  compound fe e d s  in  in d o o r  
ex p e rim en ts  ( d e s c r ib e d  by E d in , K ih le n  and N o rd fed t 1974 )•
Chromic o x id e  has s in c e  been e x te n s iv e ly  used  in  t r i a l s  in v o lv in g  
housed  ru m in an ts  (Cram pton and L loyd 1951; Davi.es, B yers and Luber 
1958; L u ttin g h  1961; C la n to n  1962; L eav er, Cam pling and  Holmes 1969; 
W ilk in so n  and P r e s c o t t  1 9 7 0 ).
Chromd.c ox ide has  a l s o  been  u sed  in  ex p e rim en ts  w here an 
a s se s sm e n t o f  h e rb ag e  in t a k e  i s  r e q u i r e d .  I f  th e  f a e c a l  d ry  m a tte r  
o u tp u t  i s  knovm to g e th e r  w ith  a  s e p a r a t e ly  d e te rm in e d  e s t im a te  o f  th e  
d i g e s t i b i l i t y  o f  th e  g ra z e d  h e rb a g e , th e  in t a k e  can be d e r iv e d  from  th e  
fo llo w in g  e q u a t io n .
H erbage in ta k e ,  g DM/day =
/  I n d i g e s t i b i l i t y  o f  DM
The above e q u a t io n  may a l s o  be em ployed to  m easure th e  DM in ta k e  o f  
housed  ru m in an ts  in  group fe e d in g  s i t u a t i o n s .
Numerous s tu d ie s  have been u n d e r ta k e n  w here chrom ic o^mde has  been  
u se d  to  d e te rm in e  th e  f a e c a l  o u tp u t  o f  g ra z in g  a n im a ls , (Cow lishaw  and 
A ld er 1963 f o r  s t e e r s ;  Holmes, J o n e s , Drake-Brockm an and W hite 1965; 
Holmes, Jo n es  and A d e lin e  1966; Holmes and C urran  1967; M arsh, Cam pling 
and  Holmes 1971 and Ho3mes, Cam pling and J o s h i  1972 f o r  d a i ry  cows; 
Lambourne 1957; Lambourne and R eardon 1962 and L ang lands 1972 f o r  
sheep  and Coup and I a n c a s te r l9 5 2 ;  C h r i s t i a n  and Coup 1954 and S tev e n so n  
1962  f o r  b o th  c a t t l e  and  s h e e p ) .  The f a e c a l  o u tp u t  i s  d e r iv e d  a s  
fo llo w s ;
F a e c a l DM o u tp u t =  ! ÏS M lt.o f_ e h ro !^  -------------- — _
C o n c e n tra tio n  o f  chrom ic o x id e  i n  fa e c e s  (g /k g  DM)
The d i g e s t i b i l i t y  o f  th e  h e rb ag e  consumed has been e v a lu a te d  by 
a  v a r i e t y  o f  m ethods in c lu d in g  th e  g iv in g  o f  c u t h e rb ag e  to  w e th e r 
sheep  in  m e tab o lism  cages and r e l a t i n g  th e  n i t r o g e n  c o n te n t  o f  th e
40,
f a e c e s  o f  th e  g ra z in g  a n im a ls  to  th e  o rg a n ic  m a tte r  d i g e s t i b i l i t y  u s in g  
r e g r e s s io n  e q u a t io n s  d e r iv e d  from  r e s u l t s  w ith  th e  housed  s h e e p .
(L an g lan d s  and C o rb e t t  1964; Jo n es  e t  a l .  1965; Holmes and C u rran  
1967; Holmes e t  a l .  1 9 7 2 ). O th e r  im rk e rs  ( la n g la n d s  1972) r e l i e d  on 
i n  v i t r o  d i g e s t i b i l i t y  e s t im a te s  on sam ples o f  fo o d  c o l l e c t e d  from  
sh e e p , each  f i t t e d  w ith  an o eso p h o g ea l f i s t u l a .  P la n t  chrom ogens have 
a l s o  been em ployed a s  in d i c a to r s  o f  h e rb ag e  d i g e s t i b i l i t y  (H a rd iso n  
and R eid  1953; Raymond, Kemp, Kemp and H a r r is  1954)»
The in d i v id u a l  v a r i a t i o n  i n  in t a k e  o f  a d i e t a r y  com ponent can be 
d e te rm in e d  f o r  g ro u p -fe d  an im a ls  u s in g  chrom ic o x id e  in c o rp o r a te d  in  
t h a t  component o f  th e  d i e t  t o  be exam ined . The fa e c e s  m ust th e n  be 
c o l le c t e d  in  t o t a l .  F oo t and R u sse l (1973) u sed  n o n -p re g n a n t ewes 
g iv e n  hay p lu s  o a t  p e l l e t s  c o n ta in in g  15*7 g chrom ic o x id e /k g  DM,
F o o t, R u s s e l ,  Maxivell and M o rris  (1973) gave p re g n a n t ewes i n  group 
hay p lu s  c o n c e n tr a te s  c o n ta in in g  0*93 g chrom ic oxi.de/kgo The 
i n d i v id u a l  in t a k e s  o f  th e  d i e t a r y  component c o n ta in in g  chrom ic o x id e  
a r e  e s t im a te d  from  th e  i n d i v id u a l  f a e c a l  chrom ic o x id e  o u tp u t  u s in g  th e  
fo llo w in g  e q u a t io n .
I n d iv id u a l  in t a k e  o f  Mean d a i l y  f a e c a l  DM o u tp u t (g )  x  c o n c e n tr a t io n
chrom ic o x id e  c o n ta in in g  — ___ o f  ch rom ic o x id e  i n  F aeces  (g /k g  DM)
fo o d  C o n c e n tra tio n  o f  chromi.c o x id e  in  fo o d
(g /k g  DM)
When th e  re c o v e ry  o f  chrom ic o x id e  i s  n o t  f u l l y  q u a n t i t a t i v e  th e  
i n d i v id u a l  in t a k e s  a r e  u s u a l l y  d e r iv e d  by a p p o r t io n in g  th e  t o t a l  amount 
o f  food  consumed by th e  group a c c o rd in g  to  th e  t o t a l  chrom ic o x id e  
re c o v e re d .
M ethods o f  c h ro m e  o x id e  a d m in is t r a t io n
The d e te rm in a t io n  o f  ‘f a e c a l  o u tp u t  u s in g  chromj,c oxi.de, i s  m ost 
commonly a c h ie v e d  by g iv in g  w eighed  q u a n t i t i e s  once o r  tw ic e  d a i l y .  
S e v e ra l  m ethods o f  a d m in is t r a t io n  have been  r e p o r te d ,  th e s e  in c lu d e  th e
41.
m ix ing  o f  chrom ic o x id e  in  a  u n ifo rm  m anner i n  a  compound d i e t  o r  
c o n c e n tr a te  (E d in  e t  a l ,  1944; Crompton and L loyd  1951; Kameoka, 
T ak a h ash i and Morimoto 1956; C o rb e t t ,  G reen h a lg h , Gwynn and  Vfallcer 
1958; Holmes and C u rran  1967; L eav er e t  a l ,  1969; Marsh e t  a l .  1971; 
Holmes e t  a l ,  1 9 7 2 ), a t  a  c o n c e n tr a t io n  such  as  to  p ro v id e  a b o u t 2 g 
C r^O ^/day f o r  sheep  and betw een 15 -  20 g/d a y  f o r  c a t t l e .  O th e r w o rk ers  
(C o r b e t t ,  G reenhalgh  and M cdonald 1958; Cowlishaw  and  A ld er 1963; 
Deinum, Immink and D e ijs  1962; T ro e lse n  1965; M acrae and A rm strong  
1969; W ilk in so n  and P r e s c o t t  1970; L o n g sd a le , P o u t ia in e n  and T a y lo r  
1971 ) have in t ro d u c e d  chrom ic o x id e  in t o  th e  ru m in an t an im a l u s in g  
p a p e r  im p reg n a te d  w ith  chrom ic oxi.de, th e  p a p e r  u s u a l ly  c o n ta in in g  
a b o u t 333 g chromi.c o x id e /k g .  A f u r t h e r  method o f  a d m in is t r a t io n  i s  t h a t  
em ployed by Ra.ymond and M inson (1 9 5 5 ) w here chrom ic o x id e  ivas g iv e n  a s  a  
d re n c h  in  a  b e n to n i te  s u s p e n s io n . The m ost w id e ly  u sed  m ethod o f  
a d m in is t r a t io n  how ever, a p p e a rs  to  be i n  th e  form  o f  p u rc h a se d  g e l a t i n  
c a p s u le s  c o n ta in in g  a  s u sp e n s io n  o f  chroniic o x id e  i n  m aize o i l  (S n d th  
and R eid  1955; Jo n es  e t  a l .  1965; Holmes e t  a l .  1966; Hodgson and 
W ilk in so n  1967; L o n g sd a le  e t  a l .  1971 i n  t r i a l s  u s in g  g ra z in g  d a i r y  
cows; and  L ang lands e t  a l ,  1963 and C urran  e t  a l .  1967 in  t r i a l s  w ith  
g ra z in g  s h e e p ) .
W ith a l l  m ethods o f  chrom ic o x id e  a d m in is t r a t io n  th e  d o s in g  p e r io d  
sh o u ld  p r e f e r a b ly  commence a t  l e a s t  7 days b e fo re  th e  i n i t i a t i o n  o f  th e  
ex p e rim en t to  e n su re  p ro p e r  d i s t r i b u t i o n  th ro u g h o u t th e  c o n te n ts  o f  th e  
a l im e n ta ry  t r a c t .  E q u il ib r i iu n  betw een chromi,c o x id e  in p u t  and  f a e c a l  
o u tp u t  i s  re a c h e d  betw een day 5 and 7 o f  d o s in g  (Cram pton and Lloyd 
1951; C o rb e t t  e t  a l .  I9 6 0 ) ,
Long te rm  e r r o r s  a s s o c ia t e d  w ith  chrom ic o x id e  re c o v e ry
The e a r l y  l i t e r a t u r e  c o n c e rn in g  th e  re c o v e ry  o f  chromj.c o x id e  i n  
th e  f a e c e s  has been rev iew ed  by Moore ( l9 5 9 )  b u t th e  m ost a c c u r a te  
m ethod o f  chrom ic o x id e  in t r o d u c t i o n  i s  s t i l l  n o t  c l e a r .  The p r e c i s e
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m eaning o f  th e  te rm  ‘p e rc e n ta g e  r e c o v e r y , ’ was c l a r i f i e d  by C urran  e t  a l .  
( 1967 ) who d e f in e d  th e  w e ig h t o f  m arker re c o v e re d  in  t o t a l  f a e c a l  
c o l l e c t i o n s  e x p re s se d  a s  a  p e rc e n ta g e  o f  th e  w e ig h t o f  th e  m ark e r g iv e n  
a s  th e  ’a b s o lu t e ’ chrom ic o x id e  r e c o v e ry , a s  opposed to  th e  ’ r e l a t i v e ’ 
chrom ic o x id e  re c o v e ry ,  w hich i s  u sed  to  e x p re s s  th e  c o n c e n tr a t io n  o f  
th e  m arke r i n  a  g iv e n  sam ple o f  fa e c e s  a s  a  p e rc e n ta g e  o f  th e  mean da il^ r 
c o n c e n tr a t io n  in  th e  f a e c e s .  T h is  l a t t e r  te rm  does n o t  n e c e s s a r i ly  
im p ly  a  t o t a l  r e c o v e ry  o f  th e  m ark e r in  th e  f a e c e s .  Assuming t h a t  
chrom ic oxi.de i s  c o m p le te ly  i n d i g e s t i b l e  th e  ’a b s o lu t e ’ r e c o v e ry  in  th e  
f a e c e s  sh o u ld  be 1 0 0 / f o r  a  v a l id  i n t e r p r e t a t i o n  o f  th e  d a ta  to  be made. 
A l te r n a t iv e ly ,  i f  th e  ’a b s o l u t e ’ r e c o v e ry  i s  l e s s  th a n  1 0 0 / a  c o r r e c t io n  
f a c t o r  can be a p p l ie d  to  th e  d a ta  to  a llo w  f o r  t h i s  u n d e r th e  p a r t i c u l a r  
e x p e r im e n ta l c o n d i t io n s  (S tev en so n  1 9 6 2 ), Many f a c t o r s  c o n t r ib u te  to  th e  
o v e r a l l  e r r o r  in  th e  ’a b s o lu t e ' f a e c a l  re c o v e ry  o f  chrom ic o:<ide and 
h en ce , b ia s e d  r e s u l t s .  These may in c lu d e  ( a )  an in a c c u r a te  e s t im a te  o f  
th e  am ount o f  chrom ic o x id e  a d m in is te re d ,  (b )  r e g u r g i t a t i o n  o f  g e l a t i n  
c a p s u le s  o r  p a p e r ,  ( c )  a b s o rp t io n  o f  s o lu b le  ch rom âtes (d )  r e t e n t i o n  o f  
chrom ic o x id e  i n  th e  a l im e n ta ry  t r a c t ,  ( e )  in c o m p le te  c o l l e c t i o n  o f  
f a e c e s ,  ( f )  lo s s e s  in  th e  g r in d in g  o f  f a e c a l  sam ples , a s  ciirom ic o x id e  
i s  m ore d ense  th a n  f a e c a l  DM and  s e p a r a t io n  may o ccu r (S te v e n so n  1962) 
and (g )  a n a l y t i c a l  e r r o r s .
In  an ex p erim en t in v o lv in g  d a i r y  cows w here chrom ic o x id e  was 
a d m in is te re d , a s  chrom ic o x id e  im p reg n a te d  p a p e r ,  Deinum, Immink and 
D e ijs  ( 1962 ) ,  r e p o r te d  t r a c e s  o f  chrom ic o x id e  in  th e  l i v e r ,  lymph 
g la n d s ,  k id n e y s  and u r in e  w hich th e y  su g g e s te d  w ere due to  a b s o rp t io n  
o f  t h a t  g iv e n  o r a l l y ,  C u rran  e t  a l ,  ( 1967) ,  p o s tu la te d  t h a t  \dien 
chrom ic o x id e  i s  a d m in is te re d  i n  a  h ig h ly  c o n c e n tra te d  form  a s  i n  
c a p s u le s  o r  i n  th e  cubed compound fe e d  o f  Crampton and L loyd ( l 9 5 l ) ,  
i t  i s  p a r t i a l l y  r e t a in e d  in  th e  d ig e s t iv e  t r a c t  and a  1 0 0 / ‘a b s o lu t e ’ 
r e c o v e ry  i s  n o t a c h ie v e d  o v e r th e  e x p e r im e n ta l p e r io d s .
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C om parisons o f  th e  ’a b s o lu t e ' r e c o v e r ie s  o f  chrom ic o x id e  by- 
v a r io u s  a u th o rs  u s in g  th e  d i f f e r e n t  te c h n iq u e s  o f  a d m in is t r a t io n  
i l l u s t r a t e  a  w ide ran g e  o f  a c c u ra c y . Joh n so n , D inusson  and B o lin  
( 1964) ,  r e p o r te d  t h a t  o n ly  8 4 * 8 / o f  th e  m arker was re c o v e re d  when u sed  
a s  a  fe e d  c o n s t i tu e n t  i n  powder form  b u t 9 1 * 3 / was re c o v e re d  when u sed  
i n  th e  form  o f  im p reg n a te d  p a p e r  in  th e  p e l l e t e d  r a t i o n .  W ilk in so n  and 
P r e s c o t t  ( 1970 ) in  a  t r i a l  u s in g  g ro u p -fe d  F r ie s ia n  s t e e r s  and chi'om ic 
o x id e  im p reg n a te d  p a p e r  a c h ie v e d  a  low a b s o lu te  re c o v e ry  o f  85 -  9 1 /  
b u t a  l o s s  o f  m a te r i a l  from  th e  f a e c a l  c o l l e c t i o n  ba-gs was o b se rv e d  a t  
t h e  low er ra n g e . T ro e ls e n  (1965) r e p o r te d  s im i la r  low  r e c o v e r ie s  o f  
a b o u t 85 -  90/  u s in g  sh red d ed  chrom ic o x id e  p a p e r  g iv e n  to  ru m in a n ts  
consum ing lo n g  roughage d i e t s .  Cram pton and L loyd (1951 )> r e p o r te d  t h a t  
th e  a b s o lu te  re c o v e ry  o f  chrom ic o x id e  g iv e n  a s  10 g /k g  o f  a  m a jo r p a r t  
o f  th e  p e l l e t e d  r a t i o n  to  be 98 — 9 9 /  w hereas t h a t  o f  chrom ic o x id e  
g iv e n  a s  280 g /k g  o f  a  sm a ll  p a r t  o f  a  p e l l e t e d  r a t i o n  was on.ly 85 -  8 7 / .  
C urran  e t  a l .  ( 1967 ) ,  i n  a  t r i a l  w ith  th r e e  h oused , p re g n a n t cows g iv e n  
d i f f e r i n g  p ro p o r t io n s  o f  a  h a y /c o n c e n t r a te  d i e t  (w ith  9*0 g /k g  chroniic 
o x id e )  p ro v id in g  a n u t r i e n t  in ta k e  o f  1«33 x  m a in te n a n c e , a c h ie v e d  an 
’a b s o lu t e ’ re c o v e ry  o f  97*3 -  103* 1 / (mean, 1 0 0 * 9 /) when t o t a l  f a e c a l  
c o l l e c t i o n s  w ere em ployed and 9 5 '4  *” 106*4 /  (mean, 9 9 * 4 /)  u s in g  r e c t a l  
g ra b  sam p les . C o rb e t t  e t  a l .  (1 9 5 8 ), gave cows a  cubed c o n c e n tr a te  
c o n ta in in g  70*8 g Cr^O^/kg to  p ro v id e  d a i ly  in ta k e s  o f  14*2 -  56*6 g ; a 
mean a b s o lu te  re c o v e ry  o f  9 7 * 2 / was re c o rd e d  f o r  a  5 -d ay  p e r io d .  Murdock, 
Hodgson, M il le r  and Kimura ( l9 5 7 )>  o b ta in e d  com parab le  r e c o v e r ie s  o f  
94*0, 90*3 and 9 8 * 4 / in  t r i a l s  g iv in g  g e l a t i n  c a p s u le s  c o n ta in in g  chrom ic 
o x id e  to  y e a r l in g  h e i f e r s .  In  a  p a r a l l e l  t r i a l  to  t h a t  u s in g  90 g /k g  
chrondc o x id e  in c o rp o r a te d  i n  th e  c o n c e n tr a te ,  C urran  e t  a l .  (1967) gave 
8 housed , p re g n a n t c o w s  -a s im i l a r  d i e t ,  b u t in t ro d u c e d  chrom ic o x id e  
i n  th e  form  o f  two g e l a t i n  c a p su le s , each c o n ta in in g  9 *811'0*02 g Cr^O^ 
a t  0 7 .1 5  and 15 .15  h r .  They o b ta in e d  low r e c o v e r ie s  o f  chrom ic o x id e  o f
betw een 82*8 -  9 3 * 5 / (mean 8 9 * 8 /)  u s in g  a t o t a l  f a e c a l  c o l l e c t i o n  and 
7 7 .2  -  109*7 /  (mean 9 0 * 0 /)  w ith  r e c t a l  g rab  sam p les . In  a f u r t h e r  t r i a l  
w ith  8 g ra z in g  sheep  dosed  once d a i l y  w ith  two c a p s u le s  each  c o n ta in in g  
0*98 1' 0»04  g Cr^O^ a t  1 5 «30 h r  th e  'a b so lu te *  re c o v e ry  o f  chromi.c o x id e  
u s in g  t o t a l  f a e c a l  c o l l e c t i o n s  was 8 8 * 8 / ( ra n g e  83*2 ~ 9 3 * 5 /)*  S im ila r  
an im a ls  in d i v id u a l ly  g iv e n  227 g f o r  a  cubed c o n c e n tra te  c o n ta in in g  4 g 
Cr^O^/kg i n  one d a i ly  fe e d  a t  15«30 h r  p rod u ced  a h ig h  mean a b s o lu te  
re c o v e ry  o f  9 8 * 5 / ( ra n g e  90*8 -  113*9/)*  Coup ( l9 5 0 )  r e p o r te d  v a r i a b le  
r e s u l t s  from  th e  u se  o f  g e l a t i n  c a p s u le s ;  i n  two t r i a l s  r e c o v e r ie s  w ere 
low (87*4 and 8 8 * 8 /)  w h ile  in  o th e r  t r i a l s  h ig h e r  r e c o v e r ie s  o f  97*4 to  
101*2/  w ere r e c o rd e d .  These l a t t e r  r e s u l t s  a r e  i n  ag reem en t w ith  th e  
work u s in g  c a p s u le s  q u o ted  by Sm ith and R eid  (1955) and Cow lishaw  and 
A ld e r  (1963) who o b ta in e d  a d e q u a te  r e c o v e r ie s  u s in g  g e l a t i n  c a p s u le s .
Thus, th e r e  a p p e a rs  to  be c o n s id e ra b le  d isa g re e m e n t co n c e rn in g  
th e  e f f i c a c i e s  o f  th e  d i f f e r e n t  modes o f  Gr^O^ a d m in is t r a t io n .  C urran  
e t  a l ,  ( 1967 ) ,  co n c lu d ed  t h a t  in  v iew  o f  th e  h ig h  r e c o v e r ie s  (n o t 
s i g n i f i c a n t l y  d i f f e r e n t  from  1 0 0 /)  a c h ie v e d  when chrom ic o x id e  was g iv e n  
i n  th e  fe e d  and th e  s a v in g  in  c o s t  made u s in g  t h i s  te c h n iq u e  ( i f  
c o n c e n tra te s  a r e  a  norm al p a r t  o f  th e  d i e t )  com pared to  th e  u se  o f  
p u rc h a se d  g e l a t i n  c a p s u le s ;  i t  i s  p r e f e r a b l e  to  irse chrom ic oxi.de i n  
th e  fe e d  w henever p o s s i b l e .
S h o r t te rm  e r r o r s
( a )  P e r i o d i c i t y  o f  chrom ic o x id e  e x c r e t io n
U ndoubtedly  th e  m a jo r a d v a n ta g e  o f  u s in g  chrom ic o x id e  to  
e s t im a te  f a e c a l  o u tp u t i s  t h a t  i t  rem oves th e  l a b o r io u s  n e c e s s i t y  o f  
u n d e r ta k in g  t o t a l  f a e c a l  c o l l e c t i o n s .  A r e s u l t a n t  p rob lem  a s s o c ia t e d  
w ith  th e  u se  o f  chromi.c o x id e  a s  an i n e r t ,  f a e c a l  i n d i c a t o r  has been th e  
p ro cu rem en t o f  f a e c a l  sam ples t r u l y  r e p r e s e n t a t iv e  o f  th e  w hole e x c r e ta .  
In  e a r l i e r  in d o o r  e x p e rim e n ts  (E d in  e t  a l .  1944), th e  t r a c e r  was m ixed 
w ith  th e  w hole fe e d  and so was d i s t r i b u t e d  f a i r l y  u n ifo rm ly  in  th e
45,
f a e c e s .  As a  r e s u l t ,  sam p ling  o f  th e  f a e c e s  p r e s e n te d  no g r e a t  p ro b lem . 
However, i t  was n o t  a t  f i r s t  r e a l i s e d  t h a t  u n d er g ra z in g  c o n d i t io n s  th e  
t r a c e r  i s  n o t u n ifo rm ly  m ixed iv ith  th e  fe e d  and so i s  e x c re te d  
i r r e g u l a r l y  i n  th e  f a e c e s .  T h is  makes th e  c a r e f u l  sam p ling  o f  th e  fa e c e s  
o f  param ount im p o rta n c e .
The e x i.s te n c e  o f  a d iu r n a l  e x c r e t io n  p a t t e r n  o f  chrom ic o x id e  in  
th e  fa e c e s  h as  been  r e c o g n is e d  by a  number o f  r e s e a r c h e r s  (K ane,
Jaco b sen  and Moore 1952; Kane, Ja c o b se n , E ly and Moore 1953; Sm ith 
and R eid  1955; H a rd iso n , E n g e l, L in k o u s, Sweeney and  G raf 1956;
Bloom, Jack o b sen , A lle n , M cG illa rd  and Homeyer 1957; Putnam , L o o s l i  and 
W arner 1958 u s in g  d a i r y  cows; H ard iso n  and R eid  1953; B alch  e t  a l .
1957; W ilk in so n  and P r e s c o t t  1970 u s in g  s t e e r s ) .
Kane e t  a l .  (1 9 5 2 ) , d e m o n s tra te d  a  d iu r n a l  p a t t e r n  o f  e x c r e t io n  
o f  chrom ic o x id e  in  th e  f a e c e s  and su g g e s te d  from  t h i s ,  i t  sh o u ld  be 
p o s s ib le  to  p r e d i c t  sam p lin g  tim e s  a t  w hich fa e c e s  c o n ta in in g  th e  t r u e  
a v e ra g e  c o n c e n tr a t io n  o f  chromi.c o x id e  would be o b ta in e d .  H ard iso n  and 
R eid  ( 1953 ) a s  a  r e s u l t  o f  t r i a l s  in v o lv in g  s t e e r s  a t  g r a s s ,  p ro p o sed  
t h a t  th e  b u lk in g  to g e th e r  o f  e q u a l w e ig h ts  o f  f a e c e s  sam pled a t  0 6 .0 0  
and 1 6 .0 0  h r  d u r in g  7 o r  more days would p ro v id e  sam ples o f  w hich  th e  
chrom ic o x id e  c o n c e n tr a t io n  w ould a l lo w  an  a c c u r a te  e s t im a te  o f  th e  
t o t a l  f a e c a l  o u tp u t to  be d e r iv e d .  The r e s u l t s  o f  su b se q u e n t ex p erim en ts  
co n d u c ted  by B rannon, R eid  and M il le r  (l95A ) id -th  s t e e r s  su p p o r te d  t h i s .  
L a n c a s te r ,  Coup and P e r c iv a l  (1953) and Sm ith and R eid  (1955 ) o b ta in e d  
a c c u r a te  e s t im a te s  o f  f a e c a l  o u tp u t  by g ra z in g  cows u s in g  e s s e n t i a l l y  
th e  same sam p lin g  p ro c e d u re  a s  t h a t  o f  H ard iso n  and R eid  ( l9 5 3 )«
Kane e t  a l ,  ( l9 5 2 )  b e l ie v e d  t h a t  th e  re a s o n  f o r  t h i s  d iu r n a l  
p a t t e r n  i n  chrom ic o x id e  e x c r e t io n  co rre sp o n d e d  to  changes i n  
m e tab o lism , b lo o d  p r e s s u r e  and b lo o d  m e ta b o lic  c o n c e n tr a t io n  w hich 
undergo  c y c l i c a l  changes re a c h in g  t h e i r  lo w e s t l e v e l  a t  n ig h t  when th e  
lo w e s t c o n c e n tr a t io n s  o f  chronde  o x id e  in  th e  fa e c e s  w ere re c o rd e d .
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Bloom e t  a l»  (1957) and Edin  e t  a l»  (1 9 4 4 ), su p p o r te d  th e  view  t h a t  th e  
’ in h e re n t  p e r i o d i c i t y  in  th e  e x c r e t io n  p a t t e r n  o f  chrom ic o x i d e , ’ was 
governed  by some i n t r i n s i c  p h y s io lo g ic a l  m echanism  r a t h e r  th a n  th e  
e f f e c t  o f  t im e , f re q u e n c y  o r  m ethod o f  d o s in g  in  r e l a t i o n  to  th e  p a t t e r n  
and l e v e l  o f  f e e d  in t a k e .  Bloom e t  a l ,  ( l9 5 7 )  in  a  d i g e s t i b i l i t y  t r i a l  
u s in g  housed  d a i ry  cows r e p o r te d  t h a t  th e  d iu r n a l  e x c r e t io n  p a t t e r n  was 
l a r g e l y  in d e p e n d e n t o f  th e  w ide v a r i a t i o n  in  th e  amount and p h y s ic a l  
n a tu r e  o f  th e  d i e t s  p ro v id e d , a g re e in g  iv ith  th e  s tu d ie s  o f  Kane e t  a l .  
(1 9 5 2 ) .
C le a r ly  th e  u s e  o f  r i g i d  f a e c a l  sam p ling  tim e s  i r r e s p e c t i v e  o f  
th e  e x p e r im e n ta l c o n d i t io n s  a s  a d v o c a te d  by H ard ison  and R eid  ( l9 5 3 )  
w ould be a  v a l i d  a ssu m p tio n  w i th in  a  l i v e s to c k  c l a s s  i f  th e  d iu r n a l  
e x c r e t io n  p a t t e r n  o f  chrom ic oxi.de was governed  p u r e ly  by p h y s io lo g ic a l  
m echanism s s im i l a r  to  th o s e  p ro p o sed  by Kane e t  a l .  (1952)»  F u r th e r  
w ork, how ever, h as  shoivn t h i s  n o t  t o  be th e  c a s e ;  Raymond and M inson 
(1955 ) in d ic a te d  t h a t  th e  e x c r e t io n  p a t t e r n  o f  chrom ic o x id e  and , i n  
p a r t i c u l a r ,  th e  tim e s  o f  maxbnum and minimum c o n c e n tr a t io n s  i n  th e  
f a e c e s ,  depend among o th e r  f a c t o r s  on th e  tim e s  and m ethod o f  d o s in g  
i n  r e l a t i o n  to  th e  amount and p a t t e r n  o f  fe e d  in t a k e .  B r is so n  ( i9 6 0 )  
p o in te d  o u t th e  need  to  d e f in e  p o s s i b le  so u rc e s  o f  v a r i a t i o n  in  th e  
chrom ic o x id e  e x c r e t io n  p a t t e r n  f o r  each  s e t  o f  e x p e r im e n ta l c o n d i t io n s .  
A lso , i t  has  been c l e a r l y  shoivn by F ig d en  and B ris so n  (1956) t h a t  th e  
ra n g e  o f  th e  d iu r n a l  v a r i a t i o n  o f  chrom ic oxi.de c o n c e n tr a t io n  i n  th e  
fa e c e s  i s  red u ce d  by f r e q u e n t  d o s in g  d u r in g  a  2 4 -h r  p e r io d ,  b u t t h i s  i s  
g e n e r a l ly  im p r a c t i c a l  i n  g ra z in g  e x p e r im e n ts . T h is  work c o n t r a s t s  w ith  
th e  r e s u l t s  o f  Bloom e t  a l ,  ( l9 5 7 )  who, u s in g  housed  d a i r y  c a t t l e ,  d id  
n o t  f in d  t h i s  to  be th e  c a s e .  An a p p re c ia b le  range  i n  th e  d iu r n a l  
v a r i a t i o n  p a t t e r n  was o b se rv e d  even th o u g h  th e  chrom ic o x id e  g iv e n  was 
fo u r  t i n e s  d a i ly  i n  a c o n c e n tr a te  m ix tu re .
F u r th e r  ev id en ce  d is c o u n t in g  th e  th e o ry  t h a t  th e  d iu r n a l  
e x c r e t io n  p a t t e r n  i s  s o l e l y  governed  by in h e re n t  p h y s io lo g ic a l  m echanism s
47*
has been  p ro v id e d  by Putnam  e t  a l ,  (1 9 5 8 )^ i n  s tu d ie s  on th e  e x c r e t io n  o f  
chrom ic o x id e  by d a i r y  cows. They r e p o r te d  t h a t  th e r e  was c o n s id e ra b le  
v a r i a t i o n  i n  r e l a t i v e  chrom ic o x id e  c o n c e n tr a t io n  a t  any  sam p ling  t im e . 
I t  was co n c lu d ed  t h a t  th e  tim e  o f  chrom ic o x id e  a d m in is t r a t io n  was o f  
p r im a ry  im p o rtan ce  i n  r e s p e c t  to  th e  t im e -c o n c e n t r a t io n  r e l a t i o n s h i p  o f  
f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  and  t h a t  so c a l l e d  p h y s io lo g ic a l ,  
d iu r n a l  e f f e c t s  w ere o f  l i t t l e  im p o r ta n c e .
W ilk in so n  and P r e s c o t t  ( l9 7 0 )  in  a  t r i a l  u s in g  in d i v id u a l ly  
housed  s t e e r s  gave a  d i e t  o f  r o l l e d  b a r le y  tvri.ce d a i ly  w ith  s i l a g e  ad 
l i b i tu m .  Chromic o x id e  was a d m in is te re d  in  th e  form  o f  sh red d ed  p a p e r  
tv ri.ee /day  b e fo re  each  fe e d  o f  b a r le y .  The sam p lin g  o f  f a e c e s  o c c u rre d  
a t  each  n a t u r a l  d e f e c a t io n  f o r  t h r e e ,  2 4 -h o u r p e r io d s .  They o b se rv e d  
a  s i g n i f i c a n t  and  c o n s i s t e n t  d iu r n a l  v a r i a t i o n  i n  f a e c a l  chrom ic oxi.de 
e x c r e t io n  w ith  th e  lo w e s t c o n c e n tr a t io n  o c c u r r in g  d u r in g  th e  n ig h t .
T h is  p a t t e r n  o f  d iu r n a l  v a r i a t i o n  i s  s im i l a r  to  t h a t  o b ta in e d  by o th e r  
w ork ers  (Kane e t  a l ,  1952; H ard iso n  e t  a l ,  1956; B alch  e t  a l .  1957; 
Putnam  e t  a l .  1 9 5 8 ). W ilk in so n  and P r e s c o t t  ( l9 7 0 )  r e p o r te d  t h a t  
c o n c u r re n t  g rab  sam ples ta k e n  a t  09» 15 and  17.00 h r  o v e r  f o u r  days gave 
e s t im a te s  o f  chrom ic o x id e  w hich w ere a b o u t 1 6 /  h ig h e r  th a n  th e  mean 
c o n c e n tr a t io n  f o r  th e  t h r e e  2 4 -h o u r sam p lin g  p e r io d s .  They a l s o  
in d i c a te d  t h a t  th e  p e r i o d i c i t y  o f  f a e c a l  e x c r e t io n  o f  chrom ic o x id e  may 
be r e l a t e d  to  th e  p a t t e r n  o f  fe e d  i n t a k e ,  r a t e  o f  d ig e s t io n  and  th e  
r a t e  o f  p a ssa g e  o f  u n d ig e s te d  r e s id u e s  th ro u g h  th e  a l im e n ta ry  t r a c t  a s  
w e l l  a s  th e  p h y s io lo g ic a l  m echanism s p ro p o sed  by Kane e t  a l .  (1 9 5 2 ) ,
I t  was s t a t e d  t h a t  th e  h ig h e r  th e  in ta k e  o f  fe e d , th e  more r a p id l y  th e  
maximum c o n c e n tr a t io n  o f  chrom ic o x id e  o c c u rs  in  th e  .fa e c e s , p ro b a b ly  
b e c a u se  o f  th e  h ig h e r  r a t e  o f  p a s sa g e  o f  fe e d  r e s id u e s  down th e  
i n t e s t i n e .
Kerneoka e t  a l .  (1956) m easured  th e  r a t e  o f  d is a p p e a ra n c e  o f  
chrom ic o x id e  from  th e  rum en. The c o n c e n tr a t io n  d e c re a se d  d u r in g  th e
4 8 .
f i r s t  3 h o u rs  a f t e r  a d m in is t r a t io n  to  a b o u t 70 /  o f  th e  i n i t i a l  
c o n c e n tr a t io n  and th e n  m a in ta in e d  t h i s  l e v e l  u n t i l  th e  n e x t m e a l. They 
co n c lu d ed  t h a t  chrom ic o x id e  was removed more q u ic k ly  from  th e  rumen 
th a n  th e  u s u a l  c o n s t i t u e n t s  o f  th e  f e e d .
T ro e lso n  (1 9 6 5 ) , in  a t r i a l  in v o lv in g  housed  sheep  r e c e iv in g  2 g 
chromi.c o x id e /d a y  in  th e  form  o f  a  p a p e r  p e l l e t  a t  0 9 ,0 0  h r  f o r  a 10- 
day p e r io d  r e p o r te d  t h a t  when a  lo n g  hay  d i e t  was g iv e n  and fa e c e s  
sam pled  h o u r ly  t h e r e  was l i t t l e  d iu r n a l  v a r i a t i o n  i n  th e  chrom ic o x id e  
c o n te n t  o f  th e  f a e c e s ,  b u t when lo n g  hay was com pared iv ith  p e l l e t e d  hay  
a  d i f f e r e n c e  i n  th e  d e g re e  o f  d iu r n a l  v a r i a t i o n  was n o t i c e d  betw een th e  
d i f f e r e n t  p h y s ic a l  fo rm s.
A r e d u c t io n  in  th e  v a r i a t i o n  in  th e  chrom ic o x id e  con ten t, o f  
f a e c e s  sam ples h a s  been  n o te d  by C o rb e t t  e t  a l ,  ( i9 6 0 )  when i t  was 
a d m in is te re d  on sh re d d e d  p a p e r ,  by H ard iso n  e t  a l .  (19 5 6 ) when i t  was 
a d m in is te re d  tw ic e  d a i l y ,  and  by B alch  e t  a l ,  ( l9 5 7 )  when i t  was 
a d m in is te re d  b e fo re  a  m ea l.
In  summary, th e  s h o r t  te rm  e r r o r  component a f f e c t i n g  th e  
a c c u ra c y  o f  th e  c h ro m e  oxi.de i n d i c a t o r  te c h n iq u e  due to  th e  d iu r n a l  
v a r i a t i o n  in  th e  f a e c a l  e x c r e t io n  p a t t e r n  can be a t t r i b u t e d  to  a 
v a r i e t y  o f  f a c t o r s  in c lu d in g  d a i l y  d o s in g  p a t t e r n ,  m ethod o f  d o s in g  in  
r e l a t i o n  to  th e  p a t t e r n  and l e v e l  o f  fe e d  in t a k e ,  p h y s ic a l  n a tu r e  o f  th e  
d i e t  a s  w e l l  t h e  h y p o th e s is  p o s tu la te d  by Kane e t  a l ,  ( l9 5 2 )  and Bloom 
a t  a l ,  ( 1957 ) t h a t  th e  e x c r e t io n  o f  chrom ic o x id e  i s  r e g u la te d  by a 
p h y s io lo g ic a l  m echanism  rem oving s u r p lu s  and u n u sa b le  s u b s ta n c e s  from  
th e  body; t h i s  m echanism  b e in g  in d e p e n d e n t o f  fe e d  in t a k e  p a t t e r n  and 
d o s in g  i n t e r v a l .  T h e re fo re  i t  i s  n e c e s s a ry  to  d e f in e  th e  d iu r n a l  
v a r i a t i o n  p a t t e r n  fo r  each  s e t  o f  ex p erim ien ta l c o n d i t io n s  vrith  p a r t i c u l a r  
r e f e r e n c e  to  d i e t ,  b e fo r e  t h e  chrom ic o x id e  c o n c e n tr a t io n  o f  g ra b  sam ples 
ta k e n  a t  v a r io u s  tim e s  can be c o r r e c te d  to  ta k e  a c c o u n t o f  d iu r n a l  
v a r i a t i o n .  A l te r n a t iv e ly  i t  i s  p o s s ib le  t o  s e l e c t  sam p lin g  tim e s  by 
r e f e r e n c e  to  d iu r n a l  e x c r e t io n  cu rv es  a t  w hich th e  chrom ic o x id e  c o n te n t
A-9*
i s  c l o s e s t  to  th e  mean*
(b )  I n te r - d a y  v a r i a t i o n  in  chrom ic o x id e  e x c re t io n
A f u r t h e r  component c o n t r ib u t in g  a  p o s s ib le  s h o r t  te rm  e r r o r  i n  
th e  chrom ic o x id e  f a e c a l  i n d i c a t o r  te c h n iq u e  i s  th e  d a y - to -d a y  v a r i a t i o n  
in  th e  chrom ic o x id e  c o n te n t  o f  f a e c e s  sam ples (Kameoka e t  a l .  1956; 
C o rb e t t  e t  a l .  i9 6 0 ; W ilicinson and P r e s c o t t  1 9 7 0 ). A m easure  o f  th e  
com bined s h o r t  te rm  e r r o r s  due to  b o th  th e  d iu r n a l  e x c r e t io n  p a t t e r n  
and d a y - to - d a y - v a r ia t io n  in  chrom ic o x id e  c o n te n t o f  th e  fa e c e s  can be 
d e r iv e d  from  th e  d i f f e r e n c e  betw een th e  'a b s o l u t e '  r e c o v e ry  and th e  
' r e l a t i v e , '  r e c o v e r ie s  (W ilk in so n  and P r e s c o t t ,  1 9 7 0 ). These w o rk e rs  
o b ta in e d  a r e l a t i v e  re c o v e ry  f ig u r e  c lo s e  to  1 0 0 / i n  a  t r i a l  i r i th  8 
F r i e s i a n  s t e e r s  g iv e n  s i l a g e  ad l ib i tu m  and two l e v e l s  o f  b a r le y  ( l* 8  
o r  3*6 k g /d a y )« Chromic o x id e  was a d m in is te re d  i n  two fe e d s  a t  0 9 .0 0  
and  1 6 .3 0  h r  i n  th e  form  o f  sh red d ed  p a p e r  b e fo re  each  m e a l. F a e c a l 
g rab  sam ples w ere o b ta in e d  a t  09 .15  and 17*00 h r  each  day f o r  4 
c o n s e c u t iv e  days in  t h r e e  s e p a r a te  4 -d a y  f a e c a l  sam ple p e r io d s*  The 
mean c o e f f i c i e n t s  o f  d a y - to -d a y  v a r i a t i o n  f o r  th e  two b a r le y  g roups 
w ere9 * 9 / and  6 * 2 /.  These c o e f f i c i e n t s  a r e  c o n s id e ra b ly  h ig h e r  th a n  th e  
3 /  c o e f f i c i e n t  o f  v a r i a t i o n  o b ta in e d  by C o rb e tt  e t  a l .  ( i9 6 0 )  f o r  day - 
to -d a y  v a r i a t i o n  u s in g  a  7 -d ay  g ra b  sam pling  p e r io d *  A p oor c o r r e l a t i o n  
betw een th e  chrom ic o x id e  c o n te n t  o f  th e  b u lked  4 -d a y  sam ples and th e  
mean c o n te n t  o f  4 s e p a r a te  d a i ly  sam ples was a l s o  o b ta in e d  by W ilk in so n  
and  P r e s c o t t  ( l9 7 0 ) .  They concluded  t h a t  th e  le n g th  o f  sam p ling  p e r io d  
may be l i k e l y  to  in f lu e n c e  th e  d e g re e  o f  e r r o r  a s s o c ia t e d  w ith  th e  mean 
chrom ic o x id e  c o n te n t  o f  b u lk ed  g ra b  sam ples and i t  i s  t h e r e f o r e  
p r e f e r a b l e  to  u se  a s  lo n g  a  sam p lin g  p e r io d  a s  p o s s ib le  i n  o rd e r  to  
m in im ise  th e  in t e r d a y  v a r i a t i o n  in  chrom ic oxi.de e x c r e t io n  and r e c o v e ry . 
Kameoka e t  a l .  (1956) r e p o r te d  t h a t  t h i s  v a r i a t i o n  was a norm al 
o c c u rre n c e , am ounting  to  a b o u t 1 0 / .  They p o s tu la t e d  t h a t  i t  m igh t be 
due to  th e  fo llo w in g  re a s o n s ;  ( a )  V a r ia t io n  in  th e  f a e c a l  DM o u tp u t
50.
u s u a l ly  in  th e  re g io n  o f  betw een 10 -  1 5 / .  (b )  P o s s ib le  a c c u m u la tio n
o f  chrom ic o x id e  in  some p a r t s  o f  th e  ru m in an t d ig e s t iv e  t r a c t  such  a s  
th e  omasum and abomasum by unknown means and i t s  i r r e g u l a r  e x c re t io n  
le a d in g  to  abnorm al c o n c e n tr a t io n s  from  d ay -to -d a y *
Summary
In  c o n c lu s io n  th e  u se  o f  chrom ic oxi.de i n  ru m in an t f e e d in g  t r i a l s  
i s  s u b je c t  to  s e v e r a l  so u rc e s  o f  e r r o r  o f  bo th  a s h o r t  tei'm  ( d iu r n a l  
v a r i a t i o n  and  in t e r d a y  v a r i a t i o n  in  f a e c a l  o u tp u t  w ith  a co n co m itan t 
v a r i a t i o n  in  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n )  and a lo n g  te rm  n a tu r e ,  
(an  'a b s o l u t e '  re c o v e ry  o f  chrom ic o x id e  c o n s id e ra b ly  l e s s  th a n  1 0 0 /)*  
However, by c a r e f u l  a t t e n t i o n  to  th e  s e le c t io n  o f  th e  m ost a c c u r a te  
m ethod o f  g iv in g  chrom ic o x id e  ( u s u a l ly  i t s  in c lu s io n  a t  an a p p r o p r ia te  
l e v e l  in  a m ajo r p o r t i o n  o f  a c o n c e n tr a te  in  th e  d i e t )  and  th e  u se  o f  
g rab  sam p ling  tim e s  w hich make an  a llo w an ce  f o r  th e  p e r i o d i c i t y  o f  
chrom ic o x id e  e x c r e t io n  and th e  a d o p tio n  o f  a  sam pling  p e r io d  o v e r  as  
many days a s  i s  c o n v e n ie n tly  p o s s i b l e ,  i t  sh o u ld  be p o s s ib le  to  red u ce  
th e  m agn itude o f  th e  e r r o r s  a s s o c ia t e d  vrith th e  chrom ic o x id e  f a e c a l  
i n d i c a t o r  te c h n iq u e  to  an amount e q u a l to  t h a t  a c h ie v e d  u s in g  t o t a l  
f a e c a l  c o l l e c t i o n s ,
l ( i i )  The d i s t r i b u t i o n  o f  chrom ic oxi.de w ith in  and betw een fe e d b lo c k s
The a c c u r a te  e s t im a t io n  o f  in d iv id u a l  in ta k e s  o f  fe e d b lo c k  m a te r i a l  
u s in g  chrom ic o x id e  depends on th e  u n ifo rm  d i . s t r ib u t io n  w i th in  and 
betw een fe e d b lo c k s .  The chrom ic o x id e  c o n ta in in g  fe e d b lo c k s  w ere made 
by th e  norm al com m ercial m a n u fa c tu r in g  p ro c e s s e s  i n  b a tc h  s iz e s  o f  
u s u a l ly  1 to  3 to n n e s»  In  o r d e r  to  m easure th e  d i s t r i b u t i o n  o f  c h ro m e  
o x id e  w i th in  in d iv id u a l  fe e d b lo c k s  f o r  any  b a tc h , s e v e r a l  b lo c k s  w ere 
random ly  chosen  and c o re  sam ples removed from  s i x  random s i t e s  u s in g  a  
b ra c e  and b i t .  T h is  p ro c e d u re  a l s o  gave an in d i c a t io n  o f  betw een 
fe e d b lo c k  chrom ic o x id e  v a r i a t i o n . A more d e t a i l e d  ex am in a tio n  o f
51.
chrom ic oxi.de v a r i a t i o n  betw een fe e d b lo c k s  was u n d e rta k e n  f o r  th e  
t/290 (74 )and  ¥ 2 9 1 (7 4 ) p ro d u c ts*  T h is  in v o lv e d  th e  s e p a r a te  sam p ling  in  
t h r e e  p la c e s  o f  a l a r g e r  number o f  fe e d b lo c k s  in  t h e i r  r e s p e c t iv e  b a tc h e s  
and b u lk in g  th e  m a te r i a l  from  each  b lock*  A s in g le  chrom ic o x id e  
d e te rm in a tio n  was th e n  u n d e rta k e n  f o r  each  block* The mean chrom ic 
o x id e  in c lu s io n s  i n  s e v e r a l  d i f f e r e n t  fe e d b lo c k s  o f  th e  same ty p e ,  
to g e th e r  vrith  th e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  chromi.c o x id e  in c lu s io n  
w i th in  and betw een b lo c k s  i s  g iv e n  in  T ab le  2 ,
The d i s t r i b u t i o n  o f  chrom ic o x id e  w ith in  and betw een fe e d b lo c k s  
ap p e a re d  to  be q u i t e  u n ifo rm  and no s i g n i f i c a n t  d i f f e r e n c e  i n  mean 
in c lu s io n  r a t e  f o r  b lo c k s  o f  th e  same ty p e  w ere m easu red . Even th e  
¥290 and ¥ 291 (74 ) p ro d u c ts  m a n u fa c tu re d  by th e  ch em ica l s e t t i n g  r e a c t io n  
c o n ta in e d  r e l a t i v e l y  u n ifo rm  in c lu s io n s  o f  chrom ic ox i.de . T h is p ro c e s s  
h as  th e  d is a d v a n ta g e  o f  c r i t i c a l l y  s h o r t  ïïdx ing  tim e  f o r  th e  
in g r e d i e n t s  b e fo re  s e t t i n g  commenced and o c c a s io n a l ly  a g g re g a te s  o f  
ca lc iu m  o x id e  a n d /o r  h y d ro x id e  w ere o b se rv e d , i n d i c a t i v e  o f  i n e f f i c i e n t  
m ix in g . However, th e  d a ta  i n  T ab le  2 r e v e a l  no d e t r im e n ta l  e f f e c t  on 
th e  d i s p e r s a l  o f  chrom ic o x id e  »
I  ( i i i )  The e f f e c t  o f  le n g th  o f  sam p lin g  p e r io d ,  n o . o f a n im a ls /g ro u p  and 
th e  quan t i t y  o f  fe e d b lo c k  and roughage consumed on th e  a c c u ra c y  o f  
th e  fo llo w in g  e s t im a t io n s
( a )  I n d iv id u a l  fe e d b lo c k  in ta k e  u s in g  chrom ic o x id e .
(b )  D ie ta ry  d i g e s t i b i l i t y  u s in g  b o th  t o t a l  f a e c a l  c o l l e c t io n s  and 
chromi-c o x id e .
( c )  Hay in ta k e  a s  com puted by a p p o r t io n in g  fa e c e s  a c c o rd in g  to  th e  
i n d i g e s t i b i l i t y  o f  th e  s e p a r a te  d i e t a r y  com ponents.
Amongst th e  many p o t e n t i a l  a p p l ic a t io n s  o f  th e  u se  o f  chrom ic 
oxj.de in  d i e t s  i s  th e  p r e d i c t i o n  o f  in d iv id u a l  f e e d  in ta k e  i n  group
s i t u a t i o n s  i f  th e  d i e t  o r  a  d i e t a r y  component c o n ta in s  chroioic o x id e  
e .g .  Beames and M o rris  ( l9 o 5 )  f o r  fe e d b lo c k s  and F oo t and R u sse l ( l9 7 3 )
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T ab le  2 , V a r ia t io n  i n  c h ro n ic  o x id e  c o n c e n tra t io n  w i th in  and betw een
Feedblo c k s
.Mean (i^SE) chrom ic o x id e  c o n c e n tr a t io n  (g /k g  DM) 
V a r ia t io n  w i th in  fe e d b lo c k s
In d i\d .d u a l fe e d b lc o k s  
A B O D E
RHE ^ 5 .1 0 ± 0 .0 8 5 .2 2 Ï0 .0 9 5 .O3Ï O .I I 5 .0 9 Ï0 .0 8 5 .0 6 + 0 ,0 6
GV/* 3 .8 4 .3 5 .1 3 .6 2 .9
RS 4 . 40t o * l l 4 .3 3 ± 0 ,0 9 4 . 52+0*11 4 . 32+0 .1 1 4 . 36+0*09
CV/ 6 .1 4 .9 6 .2 6 .4 5 .3
W290(74) 2 ,5 0 + 0 .0 4 2 .3 5 ± 0 .0 5 2 .4 3 1 0 .0 6 2 .4 6 1 0 .03 2.331-0,06
CV/ 3 ,5 4c 7 5 ,8 3 .2 6*1
¥ 2 9 1 (7 4 ) 2 .4 5 + 0 .0 7 2 ,3 4 + 0 ,0 8 2 .6 6 1 0 .0 8 2 .4 1 + 0 ,0 9 2 . 37+0 . 0?
CV/ 6 .7 8 .1 7 .2 9*3 6*9
V a r ia t io n  betw een fe e d b lc o k s
No,
exam ined
Mean
c h ro n ic  o x id e  CV/
g /k g  DM
W290(74) 32  2 .3 8 + 0 .0 2  4 .9
W 29K74) 32  2 .4 1 ± 0 .0 4  8 .9
C o e f f ic ie n t  o f  v a r i a t i o n  /  (CV) =
Mean
Each a  mean o f  s i x  sam p les .
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f o r  c o n c e n tr a te  p e l l e t s .  The in d i v id u a l  in ta k e  o f  th e  f e e d in g  s t u f f  
c o n ta in in g  chrom ic o x id e  i s  d e r iv e d  by r e f e r e n c e  to  th e  amount o f  chi'omi.c 
o x id e  re c o v e re d  i n  th e  fa e c e s*  The e q u a t io n  used  i s  g iv e n  on page 40 ,
F or th e  p u rp o se  o f  t h i s  t h e s i s  i t  was e s s e n t i a l  t o  have a  te c h n iq u e  
f o r  e s t im a t in g  th e  i n d i v id u a l  in t a k e  o f  fe e d b lo c k s  and o th e r  d i e t a r y  
su p p lem en ts  w ith  re a s o n a b le  accu racy *  Chromic o x id e  was chosen  a s  th e  
m ost a p p l ic a b le  m ark e r and a s  th e  u se  o f  r e c t a l  g ra b  sam ples i s  r a t h e r  
an  im p re c is e  means o f  a s s e s s in g  supp lem en t in ta k e ^  w h erever p o s s ib le  
( l o g i s t i c a l l y )  t o t a l  f a e c a l  c o l l e c t i o n s  w ere made. N e v e r th e le s s  i n  many 
o f  th e  c irc u m s ta n c e s  p r e v a i l i n g  in  th e  ex p e rim en ts  u n d e r ta k e n , i t  was 
im p r a c t i c a l  f o r  t o t a l  f a e c a l  c o l l e c t i o n s  to  be a c c o m p lish e d . For 
in s ta n c e ,  when la r g e  num bers o f  a n im a ls  w ere in v o lv e d , h a n d lin g  
f a c i l i t i e s  w ere a b s e n t ,  and when c a t t l e  w ere u sed  a s  th e  e x p e r im e n ta l  
a n im a ls , i t  was r a r e l y  p o s s ib le  to  b ase  in d iv id u a l  su p p lem en t in t a k e s  on 
a n y th in g  o th e r  th a n  th e  chrom ic o x id e  c o n te n t o f  th e  r e c t a l  g rab  sam ples*
As i t  w ould have been somewhat a r t i f i c i a l  t o  c a r ry  o u t th e  
p ro p o se d  in d i v id u a l  v a r i a t i o n  s tu d ie s  w ith  m ale a n im a ls ,  a  f a e c a l  bag o f  
th e  n y lo n  mesh ty p e  was u se d  to  to ta 3 J .y  c o l l e c t  f a e c e s  from  ewes* The 
d e s ig n  o f  th e  bags was such  t h a t  when th e  ewes ad o p ted  th e  p o s i t i o n  f o r  
u r i n a t i o n ,  th e  u r in e  v o id e d  g e n e r a l ly  p a s s e d  i n  f r o n t  o f  th e  b ag . When 
th e  bag was ab o u t f u l l  o f  f a e c e s  u r in e  p e r c o la te d  r a p i d l y  th ro u g h  th e  
c o n te n ts .
B e fo re  any in d i v id u a l  e s t im a te s  o f  supp lem en t in ta l ie  c o u ld  be 
d e r iv e d  i n  th e  g roup s i t u a t i o n ,  th e  a b s o lu te  re c o v e ry  o f  chrom ic o x id e  
u s in g  n y lo n  mesh bags had to  be m easured  in  a  c o n t r o l le d  s i t u a t i o n  
w here chrom ic o x id e  in t a k e s  w ere a c c u r a te ly  reco rd ed *  The e f f e c t  o f  
th e  le n g th  o f  sam p lin g  p e r io d  on th e  r e l i a b i l i t y  o f  t h i s  p ro c e d u re  was 
a l s o  exam ined when th e  r e c o v e r ie s  from  v a r io u s  num bers o f  a n im a ls  w ere 
com bined to g e th e r*  T hus, one o f  th e  main o b je c t iv e s  o f  th e s e  i n i t i a l  
s tu d ie s  was th e  e s ta b l is h m e n t  o r  o th e rw is e  o f  chrom ic o x id e  a s  an
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a c c u r a te  means o f  p r e d i c t i n g  in d i v id u a l  in ta k e s  u s in g  n y lo n  mesh f a e c a l  
b a g s .
S econd ly  a s  many o f  th e  p ro p o se d  ex p e rim e n ts  e n t a i l e d  th e  
m easurem ent o f  d i e t  d i g e s t i b i l i t y ,  a  f u r th e r  o b je c t iv e  o f  th e s e  
e x p e rim e n ts  was th e  com parison  i n  te rm s  o f  a c c u ra c y  o f  d i g e s t i b i l i t y  
c o e f f i c i e n t s  d e r iv e d  from  t o t a l  f a e c a l  c o l l e c t i o n s  and th e  chrom ic o x id e  
i n d i c a t o r  te c h n iq u e  u s in g  r e c t a l  g ra b  sam ples* The l a t t e r  m ethod w ould 
be e s p e c i a l l y  u se d  f o r  th e  c o m p u ta tio n  o f  d i g e s t i b i l i t y  d a ta  f o r  c a t t l e *  
A gain th e  e f f e c t  o f  le n g th  o f  sam p lin g  p e r io d  on th e  a c c u ra c y  o f  th e s e  
m easu res  was exam ined f o r  v a r io u s  s iz e d  g roups o f  sh e e p .
In  many c irc u m s ta n c e s  a  Imowledge o f  in d i.v j.d u a l roughage  in ta k e s  
and t h e i r  v a r i a t i o n  f o r  com bined ro u g h ag e-su p p lem en t d i e t s  i s  n e c e s s a ry  
f o r  a  f u l l  u n d e rs ta n d in g  o f  n u t r i e n t  in t a k e  and  r e s u l t i n g  an im a l 
perfo rm an cec  The a c c u r a te  e s t im a t io n  o f  th e  in t a k e  o f  th e  roughage 
d i e t a r y  com ponent in  th e s e  s i t u a t i o n s  i s  l i k e l y  to  be d i f f i c u l t  b eca u se  
o f  a s s o c i a t i v e  e f f e c t s  betw een  th e  two ( o r  m ore) d i e t a r y  com ponents»
One o f  th e  p r i n c i p a l  c la im s  made f o r  fe e d b lo c k s  i s  t h a t  th e y  im prove 
th e  d i g e s t i b i l i t y  o f  p o o r q u a l i t y  ro u g h a g e s . T h e re fo re  when, f o r  
i n s ta n c e ,  a  fe e d b lo c k  form s o n ly  a  s m l l  p a r t  o f  a  t o t a l  d i e t  ( i* e *  a  
t r u e  supplem ent);, b ased  m a in ly  oh p o o r q u a l i t y  ro u g h ag e , th e  e s t im a t io n  
o f  roug h ag e  in ta k e  by a p p o r t io n in g  f a e c e s  a c c o rd in g  to  th e  
i n d i g e s t i b i l i t y  (lOO -  d i g e s t i b i l i t y  / )  o f  th e  d i f f e r e n t  d i e t a r y  
com ponents may be i n v a l id a t e d  by changes in  d i g e s t i b i l i t y  i f  t h e r e  a r e  
a s s o c i a t i v e  e f f e c t s *  U su a lly  t h i s  ta k e s  th e  form  o f  in c r e a s e d  roughage 
d i g e s t i b i l i t y .  A lso , a s  w i l l  be d e s c r ib e d  l a t e r ,  i t  i s  r a r e l y  p o s s ib le  
to  m easui‘e m e a n in g fu l d i g e s t i b i l i t y  c o e f f i c i e n t s  o f  supp lem en t fe e d b lo c k s .
When, how ever, th e  p r o p o r t io n  o f  fe e d b lo c k s  o r  c o n c e n tr a te  i n  th e  
d i e t  in c r e a s e s  to  a  l e v e l  .where i t  i s  s u b s t i t u t i n g  r a t h e r  th a n  
su p p le m e n ta l g f o r  t h e  ro u g h ag e , an in d iv id u a l  a s s e s sm e n t o f  ro ughage  
in ta k e  d e r iv e d  from  f a e c a l  a p p o rtio n m e n t i s  more l i k e l y  to  be v a l id *
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T h is  i s  p a r t i c u l a r l y  th e  c a se  i f  th e  roughage g iv e n  i s  o f  good o r  
m o d e ra te  q u a l i t y  ( g r e a t e r  th a n  50 g CP/kg)» A t h i r d  o b je c t iv e  o f  th e s e  
i n i t i a l  ex p e rim e n ts  v/as to  exam ine th e  a c c u ra c y  o f  e s t im a t in g  roughage 
in t a k e  by f a e c a l  a p p o rtio n m e n t a c c o rd in g  to  i n d i g e s t i b i l i t y  c o e f f i c i e n t s  
f o r  d i e t s  composed o f  m o d era te  q u a l i t y  hay and fe e d b lo c k  m a te r ia l*  A gain 
th e  e f f e c t  o f  le n g th  o f  sam p lin g  p e r io d  f o r  d i f f e r e n t  num bers o f  a n im a ls  
on th e  a c c u ra c y  o f  t h i s  e s t im a t io n  was exam ined .
Ex p e r im e n ta l
T h i r ty  tw o, n o n -p re g n a n t, n o n - la c ta t in g  G rey face  (B order L e i c e s te r  
ram x  S c o t t i s h  B la c k fa c e  ewe) ewes w^eighing 49 to  71 kg w ere housed  in  
i n d i v id u a l  pens (2  ra x  1 m) w ith  saw dust bedding* A ll  ewes w ere dosed
w ith  a n th e lm in t ic s  p r i o r  t o  housing*
T hree  e x p e rim e n ts  w ere conducted*  In  E xperim en t 1 .1  th e  ewes w ere 
g iv e n  a  d i e t  c o n s i s t i n g  o f  505 g DM o f  fe e d b lo c k  m a te r i a l  (W 290(74)) o f  
co m p o s itio n  T ab le  1 ,  i n  a  m eal f o m  p lu s  526 g DM o f  chopped hay (82  g 
CP, 274 g CF, 17 g EE and 6 l  g a s h /k g )*  The b lo c k  m eal a l s o  c o n ta in e d  
2*185 g chrom ic o x id e /k g  DM. The DM d i g e s t i b i l i t y  (65*7 + 1 * 3 /)  o f  th e  
fe e d b lo c k  m a te r i a l  was m easured  i n  a  d i g e s t i b i l i t y  by d i f f e r e n c e  t r i a l  
i r i th  4 w e th e rs  g iv e n  a  b a s a l  r a t i o n  o f  0*9 kg DM h ig h  q u a l i t y  d r ie d  
g r a s s  p e l l e t s *  The DM d i g e s t i b i l i t y  o f  th e  hay  was 59*4 -  2 * 3 /.
F o llo v /in g  an  in t r o d u c to r y  p e r io d  o f  7 days to  th e  d i e t ,  t o t a l
f a e c a l  c o l l e c t io n s  from  24  o f  th e  ewes w ere made u s in g  h a rn e s s e s  and
n y lo n  mesh f a e c a l  b a g s . The d a i l y  f r e s h  f a e c a l  o u tp u t from  each
sheep  was w eighed , th o ro u g h ly  m ixed and a  1 0 /  subsamp.le r e t a in e d  fo r  each
o f  th e  fo llo w in g  sam p lin g  s c h e d u le s .  The o u tp u t o v e r  days 1 to  9 form ed 
a  9 -d a y  com posite  sam ple; th e  f a e c a l  o u tp u t  o v e r days 1 t o  3 , 4 to  6 
and  7 to  9 form ed th r e e  s e p a r a te  3 -d a y  com posite  sam ples* The f a e c a l  
o u tp u t  o v e r days 1 to  6 and  4 to  9 was d e r iv e d  by com bining  th e  d a ta
from  th e  3 -d a y  c o l l e c t i o n s  ( l  t o  3 p lu s  4 to  6) and (4  to  6 p lu s  7 to  9 )
;6*
r e s p e c t iv e ly *  A f te r  d e te rm in in g  DM f o r  each com posite  sam ple and 
m i l l i n g  chrom ic o x id e  was d e te rm in ed *  T h e re fo re  th e  a b s o lu te  reco v e i'y  
o f  chrom ic o x id e  was com puted v /ith  24 sheep  f o r  e i t h e r  9 days o f  
c o n tin u o u s  sam p lin g , 2 s e p a r a te  6 -d ay  co n tin u o u s  sam p lin g  p e r io d s  o r  
3 s e p a r a te  3 -d ay  c o n tin u o u s  sam p lin g  p e r io d s .  Dry m a t te r  d i g e s t i b i l i t y  
and  hay in ta k e s  e s t im a te d  by a p p o r t io n in g  fa e c e s  a c c o rd in g  to  th e  
i n d i g e s t i b i l i t y  o f  th e  fe e d b lo c k  and  h ay , w ere c a l c u la t e d  i n  a  s im i l a r  
way f o r  th e  v a r io u s  sam p lin g  sc h e d u le s*
The re m a in in g  ewes w ere g ra b  sam pled p e r  rec tu m  tw ic e  d a i l y  a t
0 8 .0 0  and 1 6 .0 0  h r  and  th e  g rab  sam ples combined to  form  th e  v a r io u s  
d i f f e r e n t  com posite  sam ples a s  f o r  t h e  t o t a l  c o l l e c t i o n  ew es. The DM 
d i g e s t i b i l i t y  o f  th e  d i e t  was th e n  e s t im a te d  u s in g  th e  chrom ic o x id e  
f a e c a l  i n d i c a t o r  te c h n iq u e  f o r  th e  v a r io u s  sam p ling  s c h e d u le s .
In  E xpt 1 .2 ,  th e  32 ewes w ere a l l o c a t e d  to  8 g roups o f  4  sheep  
on th e  b a .sis  o f  l i v e  w e ig h t. Four g ro u p s  ( i 6 ew es) w ere g iv e n  384 g DM of th e  
chopped hay , p lu s  e i t h e r  8 2 , l6 4 ,  328 o r  656 g o f  fe e d b lo c k  m eal DM.
One o f  th e  o th e r  4 g ro u p s  r e c e iv e d  769 g DM chopped hay  a lo n e ,  w h ile  th e  
rem a in in g  3 g ro u p s w ere g iv e n  328, 493 o r  657 g DM o f  fe e d b lo c k  m eal 
w ith  no ro u g h ag e . The l a s t  3 t r e a tm e n ts  p ro d u ced  s e v e re  s c o u r in g  on 
th e  sheep and th e  493 and 657 g l e v e l s  w ere d is c o n t in u e d .  F o llo w in g  7 
days o f  i n t r o d u c t io n  t o  th e  d i e t s  t o t a l  f a e c a l  c o l l e c t i o n s  o f  7 days 
d u r a t io n  w ere c a r r i e d  o u t f o r  a l l  ew es. The a b s o lu te  r e c o v e r ie s  o f  
chrom ic o x id e , DM d i g e s t i b i l i t i e s  and e s t im a te d  hay  in t a k e s  w ere 
c a l c u la te d  a s  i n  ex p e rim en t 1 .1  e x c e p t i n  t h i s  c a s e  th e  le n g th  o f  
sam p lin g  p e r io d  was c o n s ta n t  f o r  a l l  t r e a tm e n ts  a t  7 d a y s .
In  E xpt 1 ,3  th e  32 ewes w ere a g a in  a l l o c a t e d  to  8 g roups o f  4 
s h e e p . F our g ro u p s  w ere g iv e n  769 g DM o f  chopped hay  p lu s  e i t h e r  82 ,
164 , 328  o r  656 g DM o f  fe e d b lo c k  m a t e r i a l .  The re m a in in g  4 g roups 
r e c e iv e d  th e  r e s p e c t iv e  fe e d b lo c k  m eal a l l o c a t i o n s  b u t  wi.th chopped hay 
g iv e n  ad  l i b i tu m .  In  t h i s  l a t t e r  c a se  th e  hay f e e d e r s  w ere r e p le n is h e d
5?.
up t o  4 o r  5 tim e s  d a i l y  when n e c e s s a r y .  F a e c a l c o l l e c t i o n  and 
sam p lin g  p ro c e d u re s  w ere a s  f o r  e x p e rim en t 1 ,2 ,
S u b se q u e n tly  th e  e l im in a t io n  o f  ch ro iiàc  oxi.de from  th e  f a e c e s  o f  
sheep  p r e v io u s ly  g iv e n  chrom ic o x id e  c o n ta in in g  fe e d b lo c k  m eal was 
m o n ito re d  f o r  th e  g ro u p s  g iv e n  82 g DM fe e d b lo c k  m eal p lu s  384 g DM hay  
(E xp t 1 ,2 )  and 656 g DM o f  fe e d b lo c k  p lu s  hay ad  l i b i tu m  (E xp t 1*3)* A 
c o n s ta n t  d a i l y  400 g subsam ple o f  f r e s h  fa e c e s  ivas r e t a in e d  from  each  
sheep  f o r  DM and chrom ic o x id e  d e te rm in a t io n .  The t o t a l  d a i l y  chrom ic 
o x id e  o u tp u t  was th e n  com puted o v e r a  10 -day  p e r io d  a f t e r  th e  c e s s a t io n  
o f  chrom ic o x id e  f e e d in g .
In  each  o f  th e  e x p e rim e n ts  th e  a l l o c a t io n s  o f  fe e d b lo c k  o r  hay 
when r e s t r i c t e d  w ere g iv e n  i n  two d a i ly ^ f e e d s  a t  0 8 .0 0  and 1 6 ,0 0  h r .  
Food r e s id u e s  ( o n ly  on th e  565 g a l l o c a t i o n  o f  fe e d b lo c k )  w ere re ix iin e d  
and a n a ly se d  f o r  DM c o n te n t  and  a d ju s tm e n t made to  th e  t o t a l  chrom ic 
o x id e  in t a k e  when a p p r o p r i a t e .
The in d iv id u a l  v^ater consum ption  o f  th e  ewes was m easured  i n  th e  
sam p lin g  p e r io d s  o f  a l l  t h r e e  e x p e r im e n ts .
R e s u l ts  
E)g)t 1 ,1
The a b s o lu te  chrom ic o x id e  r e c o v e r i e s ,  DM d i g e s t i b i l i t i e s  and 
e s t im a te d  hay  in ta k e s  a r e  g iv e n  in  T ab le  3» The o v e r a l l  mean w a te r  
in t a k e  was 3*64 +  0*14 l i t r e s / d a y .
The a b s o lu te  mean re c o v e ry  o f  chrom ic oxj.de i n  th e  fa e c e s  o f  th e  
24 sheep  was a lw ays w i th in  th e  ra n g e  o f  98*6 to  1 0 1 -1 /  o f  t h a t  g iv e n  
w hich e s t a b l i s h e s  th e  a c c u ra c y  o f  th e  in p u t /o u tp u t  d a ta  and th e  
a n a l y t i c a l  m ethod. The mean CV f o r  th e  th r e e  3 -d a y  c o l l e c t i o n  p e r io d s  
f o r  th e  24 sheep  was 7 » l /  and t h i s  was red u ce d  to  4 * 4 / f o r  th e  two 
6-day  c o l l e c t i o n  p e r io d s  and to  4 “3 /  f o r  th e  9 -d a y  c o l l e c t i o n .
F or th e  24 sheep  th e  t o t a l  DM d i g e s t i b i l i t y  was a lw ays w ith in  th e  
ra n g e  64*0 to  64*6 (mean 64*4) i r r e s p e c t i v e  o f  t h e  le n g th  o f  p e r io d  o f
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T ab le  3* E xpt 1 ,1 .  The mean a b s o lu te  re c o v e ry  o f  chrom ic oxj.de, DM 
d i g e s t i b i l i t y  and th e  e s t im a te d  d a i ly  in ta k e  o f  hay
T o ta l  f a e c a l  c o l l e c t i o n  (Mean, 24 sh e e p )
Sam pling
p e r io d
d ays
A b so lu te  
chrom ic o x id e  
re c o v e ry  
/  CV/*
DM
di. ge s t  i b i b i t y  
/  CV/
E s tim â t ed 
hay in ta .k e
g CV/
DM
D i g e s t i b i l i t y  
/  CV/
3 -d ay
c o l l e c t i o n s
( a )  1 - 3 100*2 6 ,0 64 .5 4 .3 489 1 1 .6 6 3 .6 4 .3
( b ) 4 - 6 9 8 ,6 7 .9 64 0 4 3 .4 496 10 .1 6 4 .4 2 ,4
( c )  7 - 9 100 .1 7 .4 6 4 .0 3 .8 501 9 .6 6 4 .5 1 .8
6 -day
c o l l e c t i o n s
( a )  1 - 6 9 9 .5 4 .1 6 4 .5 3 .3 490 9 .7 64 .1 3 .5
(b )  4 - 9 9 9 .5 4 .7 ■ 6 4 .2 3 .1 499 806 6 4 .6 2 .0
9 -d ay
c o l l e c t i o n s
( a )  1 - 9 101.1 4 .3 6 4 .6 3 .1 485 1 0 ,6 6 3 .8 4 .7
R e c ta l  
g ra b  sam ples 
(Mean 8 sh e e p )
C o e f f ic ie n t  o f  v a r i a t i o n  /«
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f a e c a l  c o l l e c t i o n  and th e  mean CV o f  3 ‘ B% f o r  th e  3 -d ay  c o l l e c t i o n s  
\\fas re d u c e d  to  3*2 and 3*1^ f o r  th e  6 and  9 -d ay  c o l l e c t i o n s  
r e s p e c t iv e ly o  The o v e r a l l  mean DM d i g e s t i b i l i t y  e s t im a te d  from  th e  
f a e c a l  g rab  sam ples from  8 sheep  was and th e  CV was ( s u r p r i s i n g l y )
r a t h e r  l e s s  (3*1 com pared id .th  3 ‘ 5%) th a n  t h a t  f o r  th e  com plete  
c o l l e c t i o n  from  24 sheep  b u t was r a t h e r  more v a r i a b le  f o r  th e  v a r io u s  
p e r io d s .
The v a r io u s  sam pli.ng p ro c e d u re s  a lw ays r e s u l t e d  i n  an  u n d e re s t im a te  
(4*8  to  7*8%) o f  th e  amount o f  hay  g iv e n . T here tvas s l i g h t l y  l e s s
v a r i a t i o n  f o r  t h e  two 6 -day  c o l l e c t i o n  p e r io d s ,
E x p ts lc 2  and  1 ,3
T able 4  p r e s e n ts  th e  com bined r e s u l t s  f o r  Ehqpts 1 .2  and 1 ,3*  The 
r e s u l t s  f o r  th e  sheep  g iv e n  328 g fe e d b lo c k /d a y  a lo n e  a r e  n o t  p r e s e n te d  
a s  th e  f a e c e s  w ere to o  s o f t  and w et t o  be c o l l e c t e d  p r o p e r ly  i n  th e  
n y lo n  mesh bags and th e  d e te rm in e d  re c o v e ry  was o n ly  83*5% o f  t h a t  g iven*
The o v e r a l l  mean re c o v e ry  o f  chrom ic o x id e  was 97*8% o f  th e  i n t a k e .  
The in d i v id u a l  mean v a lu e s  w ere g e n e r a l ly  betw een a b o u t 96 and  102%.
Lower o r  h ig h e r  r e c o v e r ie s  w ere n o t  a s s o c ia t e d  i-d th  any  t r e n d  i n  e i t h e r  
hay o r  fe e d b lo c k  in t a k e .  The CV f o r  each group o f  4 sheep  was 
g e n e r a l ly  ab o u t 2*0 to  7*0% o f  th e  mean b u t t h r e e  g ro u p s  had  h ig h e r  
v a lu e s  o f  betw een a b o u t 10 and 13%. In  g e n e ra l  th e  CV v a lu e s  o b ta in e d  
o v e r  a  7“day p e r io d  w ere com parab le  to  th o s e  o b ta in e d  f o r  6 o r  9 -d ay  
p e r io d s  i n  E xpt I d .  The lo w e s t  CV values re c o rd e d  w ere th o s e  f o r  th e
h ig h e s t  ( 656g) in t a k e  o f  fe e d b lo c k .
The DM d i g e s t i b i l i t i e s  o f  th e  v a r io u s  fe e d b lo c k -h a y  co m b in a tio n s  
w ere in  c lo s e  ag reem en t w ith  v a lu e s  c a lc u la te d  from  th e  DM 
i n d i g e s t i b i l i t y  c o e f f i c i e n t s  o f  th e  r e s p e c t iv e  d i e t a r y  com ponents. T h is  
was r e f l e c t e d  i n  th e  e s t im a te d  hay in t a k e s  w hich w ere g e n e r a l ly  in  
ag reem en t w ith  th e  w eighed in p u t s  w ith  no c o n s i s t e n t  u n d er o r  o v e re s t im a te  
em erg in g . The CV f o r  e s t im a te d  hay in t a k e s  w ere a lw ays l a r g e r  fo r  th e
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T ab le  4« Kxpts 1 .2  and 1 .3 . Mean c h ro n ic  ox ide a b s o lu te re c o v e r ie s »  DM
d i g e s t i b i l i t i e s e s t im a te d  hay in ta k e s  and w a te r consum ntion  f o r  d i e t s .
(Mean o f  k she 2Rl
Hay g /d a y
F eed b lo ck
g /d a y
384 769 Ad l i b i t i m  *
82 9 9 .9  ( 10 . 2 ) 1 06 ,8 ( 6 . 4 ) 9 7 .5  ( 7 . 0 )
Chromic o x id e 164 9 1 .6  ( 5 .0 ) 9 8 .8 ( 1 3 . 4 ) 9 6 .5  ( 4 . 2 )
re c o v e ry
% and (CV%) 328 9 9 .1  ( 2 .0 ) 98 ,5 (3 . 7 ) 9 1 .3  ( 1 3 . 4 )
656 9 5 .8  ( 4 .2 ) 9 6 .8 ( 3 . 3 ) 101 .9  ( 3 .1 )
82 6 3 .2  ( 8 ,2 ) 6 0 .2 ( 4 . 0 ) 60 .3  ( 3 .6 )
DM 164 6 6 ,5  ( 4 . 5 ) 60 .9 ( 4 . 6 ) 6 0 .2  ( 5 . 3 )
d i g e s t i b i l i t y
% and  (CV%) 328 6 3 .0  ( 6 .7 ) 6 2 .5 ( 1 , 0 ) 6 1 .4  ( 1 0 . 1 )
656 6 3 .4  ( 4 . 7 ) 6 2 ,6 ( 1 . 3 ) 6 4 .6  ( 2 . 8 )
82 356 ( 1 4 . 1 ) 803 ( 9 .5 ) 1615 ( 4 .8 )
E s tim a te d  hay 164 370  ( 2 1 ,8 ) 770 ( 7 .9 ) 1463 ( 16 . 7 )
in t a k e  g /d a y
and (C?%) 328 383 (1 8 .5 ) 791 ( 8 .7 ) 1369  ( 2 6 .3 )
656 
• ^82
419 ( 1 2 . 3 )
1 .4 5
796
2 .1 1
(7 .2 ) 1457 ( 25 . 4 ) 
4 .0 7
W ater 164 1 .53 2 .5 2 3 .3 8
consum ption
l i t r e s / d a y 328
656
2 .6 7
4*11
2 .8 4
5 .4 0
4 .6 9
6 .7 4
Ad l ib i tu m  consum ption  was I 6OOÏÏ79 , 1535^123, 13/+8±188 and  1453±109 g 
DM/day f o r  b lo c k  in ta k e s  o f  82;. I 64 , 328 and 656 g /d a y  r e s p e c t iv e l y .
S . E r ro r  o f  d i f f e r e n c e  betw een 2 m eans, 0 ,4 2  l i t r e s / d a y .
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384 g a l l o c a t i o n  o f  hay  th a n  when 769 g liay was g iv e n , Wlien hay  was 
o f f e r e d  ad  l i b i tu m  an  ex t,ra  so u rc e  o f  v a r i a t i o n  a p a r t  from  t h a t  
in h e r e n t  in  th e  e s t im a t io n  te c h n iq u e  was in t ro d u c e d ,  nam ely th e  betw een 
sheep  d i f f e r e n c e s  such  a s  l i v e  w e ig h t w hich in f lu e n c e  v o lu n ta ry  hay 
in t a k e  and th e  CV in c re a s e d  from  a b o u t 5 to  ab o u t 25% as  th e  fe e d b lo c k  
in t a k e  in c re a s e d  from  82 to  656 g DM/day,
T ab le  5 in d i c a te s  th e  m anner i n  w hich chrom ic o x id e  d im in ish e d  i n  
th e  f a e c e s  fo llo w in g  th e  w ith d ra w a lo f  chix>mic o x id e -c o n ta in in g  
fe e d b lo c k s  from  th e  2 g roups o f  4 sh e e p .
T ab le  5., E xp ts  1 .2  and 1 /3 .  P ro g re s s iv e  % r e d u c t io n  in  th e  chrom ic
B lock  in ta k e  g /d a y 82 656
Chromic o x id e  in t a k e  (m g/day) 211 1680
P rev i.ous 7 days 100 100
Days a f t e r  w ith d ra w a l 1 100 57
2 56 28
3 35 14
4 18 9
5 9 6
6 4 2
The e l im in a t io n  o f  b o th  h ig h  and  low in ta k e s  o f  chrom ic o x id e  from  
an  8 f o ld  d i f f e r e n c e  i n  b lo c k  in t a k e  was s u b s t a n t i a l l y  com ple te  a f t e r  6 
days and was red u ce d  to  a lm o s t one h a l f  a f t e r  1 o r  2 d a y s .
The w a te r  consim aption o f  th e  ewes in c re a s e d  p r o p o r t i o n a l ly  w ith  
th e  t o t a l  DM i n t a k e . T here was a l s o  a  te n d en cy  foz' w a te r  consum ption  
to  in c r e a s e  i n  re sp o n se  to  q u a n t i ty  o f  fe e d b lo c k  g iv e n  in d e p e n d e n t o f  
t o t a l  DM in ta k e  and p a r t i c u l a r l y  when fe e d b lo c k  in t a k e  was 656 g /d a y .
F or exam ple, sheep  g iv e n  769 g hay a lo n e  consumed 2*23 l / d a y  w h ile  sheep  
g iv e n  712 g (384  g hay 4- 328 g fe e d b lo c k )  consumed 2 •67  l / d a y .
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D is c u s s io n
The r e s u l t s  o f  a l l  t h r e e  e x p e rim e n ts  d e s c r ib e d  h e re  co n firm ed  th e  
e f f e c t iv e n e s s  o f  chrom ic o x id e  and th e  f a e c a l  c o l l e c t i o n  a p p a ra tu s  
(n y lo n  mesh b a g s )  a s  a  u s e f u l  and a c c u r a te  m ethod o f  a s s e s s in g  in d i v id u a l  
in t a k e  o f  chrom ic o x id e  c o n ta in in g  f o o d s tu f f s .  N e ith e r  le n g th  o f  
sam p lin g  p e r io d  n o r  number o f  sheep  p e r  group a p p e a re d  to  have a  
p ro fo u n d  e f f e c t  on th e  a c c u ra c y  o f  th e  m e asu re .
I t  w ould seem t h a t  i f  n e c e s s a ry  even 3 days o f  co n tin u o u s  f a e c a l  
c o l l e c t i o n  would g iv e  a  q u a n t i t a t i v e  re c o v e ry  o f  th e  chrom ic o x id e  
consuned  w ith  a  low  CV (6  -  8%) f o r  a  group s iz e  o f  24 a n im a ls , When 
th e  c o l l e c t i o n  i n t e r v a l  -vfas in c r e a s e d  to  6 c o n tin u o u s  days t h e  CV "vjas 
red u ce d  to  betw een  4 -  5%. A f u r t h e r  in c r e a s e  to  9 c o n tin u o u s  days 
made v i r t u a l l y  no jjnprovem ent on a c c u ra c y . (CV -  4*3%)*
When th e  group s i z e  was red u ce d  to  4 sheep  and a c o l l e c t i o n  
p e r io d  o f  7 c o n tin u o u s  days a d o p te d  th e  CV f o r  fe e d b lo c k  in t a k e  was on 
a v e ra g e  6'3%  f o r  12 g roups o f  4 sheep  g iv e n  v a ry in g  am ounts (B2»-656 g 
DM/head) o f  c h ro m e  o x id e -c o n ta in in g  fe e d b lo c k . T h e re fo re  u n d e r th e  
c irc u m s ta n c e s  o f  E xpts 1 .1 ,  1 .2  and  1 ,3  th e  amount o f  v a r i a t i o n  
a t t r i b u t a b l e  to  th e  e x p e r im e n ta l e r r o r  i n  e s t im a t in g  in d i v id u a l  
f e e d b lo c k  in t a k e  was a c c e p ta b ly  low .
As th e  co m p u ta tio n  te c h n iq u e  f o r  i n d i v id u a l  fe e d b lo c k  in ta k e  i s  
p a r t l y  a  f u n c t io n  o f  t o t a l  f a e c a l  DM o u tp u t ,  th e  a c c u ra c y  o f  m easu rin g  
d i e t  d i g e s t i b i l i t y  by t o t a l  q u a n t i t a t i v e  c o l l e c t i o n  was a l s o  co n firm ed .
I t  was a l s o  shown (E x p t 1 .1 )  t h a t  th e  chrom ic o x id e  i n e r t  
i n d i c a t o r  te ch n l.q u e  was a  v e ry  a c c u r a te  means o f  e s t im a t in g  d i e t  
d i g e s t i b i l i t y  u n d er th e  c u r r e n t  c irc u m s ta n c e s  i r r e s p e c t i v e  o f  w h eth er 
r e c t a l  g rab  sam ples w ere o b ta in e d  tw ic e  d a i ly  f o r  e i t h e r  3> 6 o r  9 
d a y s .
The te c h n iq u e  o f  e s t im a t in g  in d i v id u a l  roughage in t a k e  by f a e c a l  
a p p o rtio n m e n t a c c o rd in g  to  th e  i n d i g e s t i b i l i t y  o f  th e  2 d i e t a r y
63*
com ponents a llo w e d  a  re a s o n a b ly  a c c u r a te  p r e d ic t io n  to  be made under 
th e  e x p e r im e n ta l c i rc u m s ta n c e s .  The mean e s t im a te d  in ta k e s  (4  sh eep ) 
a g re e d  c lo s e ly  w ith  th e  w eighed o u tp u ts  when e i t h e r  a low , medium o r  
ad l i b i tu m  a l l o c a t i o n  o f  roughage was g iv e n . Any d is c r e p a n c ie s  
o c c u r r in g  w ere p ro b a b ly  due to  s p i l l a g e  o f  hay r a t h e r  th a n  a s s o c i a t i v e  
e f f e c t s  betw een th e  d i .e ta ry  com ponents. The CV f o r  e s t im a te d  hay  
in ta k e  w ere however h ig h e r  on th e  low er (384 g DM/head) a l l o c a t i o n  th a n  
when (769  g DM/head) was g iv e n . Any s p i l l a g e  w hich d id  o c c u r  would 
form  a  l a r g e r  p r o p o r t io n  o f  th e  mean a t  th e  low er l e v e l  o f  a l l o c a t i o n .  
In  m ost o f  th e  ex p e rim en ts  d e s c r ib e d  i n  t h i s  t h e s i s  w here f a e c a l  
ap p o rtio n m e n t was u sed  to  e s t im a te  in d iv id u a l  in t-ake ad  l ib i tu m  
roughage was g iv e n .
When a  low  q u a l i t y  roughage ( s t r a w  o r  poor q u a l i t y  hay CP <  50 -  
60  g /k g  dm) i s  g iv e n  t o  sh eep , i n  a d d i t io n  to  e i t h e r  fe e d b lo c k s  o r  
c o n c e n tr a te s  c o n ta in in g  su p p le m e n ta ry  n i t r o g e n ,a n  a s s o c i a t i v e  
i n t e r a c t i o n  betw een th e  dietar^r com ponents r e s u l t i n g  :ln in c re a s e d  
roughage d i g e s t i b i l i t y  can n o t be d is r e g a r d e d .  T h is  would make th e  
p r e d ic t io n  o f  i n d iv id u a l  roughage in ta k e s  by f a e c a l  a p p o rtio n m e n t l e s s  
a c c u r a te  u n le s s  a c c o u n t o f  th e s e  l i k e l y  a s s o c ia t iv e  e f f e c t s  i s  ta k e n .  
The d a ta  on d is a p p e a ra n c e  o f  chrom ic o x id e  from  th e  f a e c e s  o f  
sheep  a s  o c c u rre d  when th e  g iv in g  o f  chrom ic o x id e  ( fe e d b lo c k )  c ea se d  
a b r u p t ly ,s u g g e s ts  t h a t  a  minimum p e r io d  o f  a t  l e a s t  4 - 5  days m ust 
e la p s e  b e fo re  in d i v id u a l  in t a k e s  a r e  r e a s s e s s e d  a f t e r  chang ing  
e x p e r im e n ta l c o n d i t io n s .  In  many in s ta n c e s  f o r  re a s o n s  o th e r  th a n  
th e  e q u i l i b r a t i o n  o f  f a e c a l  chrom ic o x id e  o u tp u t w ith  supp lem en t in ta k e  
such  a s  changes in  p a l a t a b i l i t y  betw een d i f f e r e n t  fe e d b lo c k s  a  much 
lo n g e r  ch an g e -o v er p e r io d  i s  p r e f e r e n t i a l .
In  many o f  th e  e x p e rim e n ts  i n  t h i s  t h e s i s  i t  was th e  i n t e n t i o n  
t o  make a co m p ara tiv e  a s se s sm e n t o f  in d iv id u a l  in t a k e  v a r i a t i o n  f o r  
's e l f - f e d , *  and 'h a n d -fe d ,*  sy stem s o f  g iv in g  a d d i t i o n a l  n u t r i e n t s
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t o  ru m in a n ts . The s t a t i s t i c a l  te rm  w hich i s  u sed  to  e x p re s s  v a r i a t i o n  
w i th in  d a ta  i s  knoim a s  th e  c o e f f i c i e n t  o f  v a r i a t i o n  (CV) w hich h as  been 
d e f in e d  e a r l i e r .  The c o e f f i c i e n t  o f  v a r i a t i o n  em braces th e  t o t a l  amount 
o f  v a r i a t i o n  w i th in  a  s e t  o f  d a ta  w h e th e r i t  be due to  b io l o g ic a l ,  
a n a l y t i c a l ,  t e c h n ic a l  o r  o th e r  c a u s e s .  I t  would be im p o r ta n t to  know 
a p p ro x im a te ly  w hat p r o p o r t io n  o f  a  p a r t i c u l a r  CV co u ld  be re a s o n a b ly  
assum ed to  be due to  th e  i n t e r a c t i o n  betw een th e  a n im a l and m ethod o f  
g iv in g  n u t r i e n t s  ( b io l o g ic a l  v a r i a t i o n )  and w hat p ro p o r t io n  m igh t be due 
to  e th e r  cau ses  in h e r e n t  i n  th e  e x p e r im e n ta l te c h n iq u e  ( e r r o r  v a r i a t i o n ) .  
The c irc u m s ta n c e s  u n d e r w hich th e  chrom ic o x id e  te c h n iq u e  fo r  
e s t im a t in g  in d iv id u a l  in t a k e  u s in g  n y lo n  mesh bags was e v a lu a te d  
d i f f e r e d  i n  2 m a jo r ways from  how th e  te c h n iq u e  was to  be u sed  i n  m ost 
o f  th e  ex p e rim en ts  i n  th e  t h e s i s .  F i r s t l y  in  th e  t e c h n i q u e  
e v a lu a t io n  ex p e rim en ts  th e  sheep  w ere in d iv id u a l ly  penned  and th e r e f o r e  
movement was r e s t r i c t e d ,  i n  th e  in d iv id u a l  v a r i a t i o n  experiunen ts th e  
sheep  w ere k e p t in  a  group s i t u a t i o n  m t h  e n c lo su re  s i z e  v a ry in g  from  a. 
few sq u a re  m e tre s  to  s e v e r a l  h e c t a r e s .  In  th e s e  s i t u a t i o n s  th e  sheep  
had u n r e s t r i c t e d  movement and i t  i s  more l i k e l y  t h a t  th e  t o t a l  c o l l e c t io n  
o f  f a e c e s  w ould be s l i g h t l y  l e s s  a c c u r a te .  A lso u nder f i e l d  c o n d i t io n s  
i t  was r a r e l y  p o s s ib le  to  em p ty -th e  f a e c a l  bags tvd.ce d a i l y  when th e y  
a p p e a re d  l i k e l y  to  o v e rf lo w  (a  r e l a t i v e l y  f u l l  bag o f  fa e c e s  may be 
more l i lc e ly  to  p ro d u ce  f a e c a l  l o s s e s ) .  When th e  sheep  w ere k e p t 
in d o o rs  i t  was e a sy  to  em pty th e  f a e c a l  bags more th a n  once d a i ly  i f  
n e c e s s a ry  and th e re b y  m in im ise  f a e c a l  l o s s e s .
The second  m a jo r d i f f e r e n c e  betw een th e  te c h n iq u e  e v a lu a t io n  
ex p e rim en ts  and th e  a p p l i c a t io n  o f  th e  te c h n iq u e  in  th e  m a jo r i ty  o f  
th e  ex p erim en ts  in  t h i s  t h e s i s  was t h a t  in  a  group sy stem  o f  g iv in g  
n u t r i e n t s ,  i n d iv id u a l  food  in t a k e  m ust be i r r e g u l a r  betw een d ays?  
w h i l s t  in  Jibpts 1 ,1  and 1 .2  b o th  fe e d b lo c k  and hay (ro u g h ag e) 
a l l o c a t i o n s  w ere c o n s ta n t  and in  Expt 1 ,3  o n ly  th e  roughage a l l o c a t i o n
owas o f f e r e d  ad  l i b i t u m .  I t  i s  p o s s i b l e  t h a t  th e  CV fo r  i n d iv id u a l  
in t a k e  m igh t be in c r e a s e d  due to  th e  i r r e g u l a r  n a tu re  o f  d i e t a r y  
consum ption .
N e v e r th e le s s  th e  CV f o r  b o th  in d iv id u a l  fe e d b lo c k  and e s t im a te d  
hay  in ta k e  s e rv e  a s  a  u s e f u l  b ase  l i n e  o f  minimum in d iv id u a l  v a r i a t i o n  in  
a  group o f  sheep  when in d iv id u a l . ly  penned and in d i v id u a l ly  g iv e n  f ix e d  
a l l o c a t i o n s  o f  chrom ic o x id e  c o n ta in in g  food and ro u g h ag e . I t  would be 
d i f f i c u l t  to  v i s u a l i s e  a  s i t u a t i o n  w here a  low er CV co u ld  be o b ta in e d  
f o r  any group o f  sheep  u s in g  th e  te c h n iq u e s  d e s c r ib e d  h e re  u n le s s  th e r e  
vfas no in ta k e  o f  chrom ic o x id e -c o n ta in in g  food  w h a tso e v e r ,
E xpt l ,4 e  The r e l a t i o n s h i p  betw een th e  c o n c e n tr a t io n  o f  chromi.c o x id e  
i n  a  s i n g le  gra b  sainple o f  f a e c e s  and th e  e s tim a te d  fe e d b lo c k  in ta k e  
d e r iv e d  from  th e  chrom ic o x id e  c o n te n t o f  a 24-h o u r  t o t a l  c o l l e c t i o n
In  many o f  th e  ex p e rim e n ts  c a r r i e d  o u t in  t h i s  t h e s i s  i t  was n o t 
p o s s ib le  to  o b ta in  t o t a l  c o l l e c t io n s  o f  f a e c e s .  T h is  was e s p e c i a l l y  
th e  c a se  f o r  c a t t l e  and when l a r g e  g roups o f  sheep  in  b o th  th e  h i l l  and 
lo w lan d  s i t u a t i o n  w ere u se d . In  th e s e  c irc u m s ta n c e s  an e s t im a t io n  o f  
in d i v id u a l  supp lem en t in t a k e  co u ld  o n ly  be b ased  on r e c t a l  g rab  sam ples 
and  f r e q u e n t ly  i t  was p o s s ib le  t o  p ro c u re  o n ly  a s in g le  sam ple p e r  
a n im a l. The p re s e n c e  o f  chrom ic o x id e  in  th e  fa e c e s  o f  in d iv id u a l  
a n im a ls  w ould c e r t a i n l y  allowr a  q u a l i t a t i v e  e s t im a t io n  o f  w h e th e r b lo c k  
was b e in g  consumed. However th e  e x a c t  c o n c e n tr a t io n  o f  chrom ic o x id e  
i n  t h e  fa e c e s  i n  a  g iv e n  s i t u a t i o n  depends upon s e v e r a l  f a c t o r s  
a d d i t i o n a l  to  th o s e  d e s c r ib e d  i n  th e  In t r o d u c t io n  a s  b e in g  in h e r e n t  in  
th e  te c h n iq u e  i t s e l f .  These a r e  th e  amount o f  chrom ic o x id e -c o n ta in in g  
m a te r i a l  consumed ( e , g ,  f e e d b lo c k , c o n c e n tr a te ,  c o b ) , th e  amount o f  
o th e r  m a te r i a l  consumed ( e . g .  ro u g h ag e) and th e  d i g e s t i b i l i t y  o f  th e  
t o t a l  d i e t .
The e x i s t e n c e  o f  a  q u a n t i t a t i v e  r e l a t i o n s h ip  betw een f a e c a l  
chrom ic c o n c e n tr a t io n  and th e  in ta k e  o f  chromi.c o x id e  c o n ta in in g  food
6 d .
would p ro v id e  f u r t h e r  v e ry  u s e f u l  in fo rm a tio n ;  e .g .  to  compare th e  
in d i v id u a l  v a r i a t i o n  in  in ta k e  when d i f f e r e n t  ty p e s  o f  su p p le m e n ta tio n  
a r e  g iv e n .
In  E xpt 1 .1  th e  u se  o f  r e c t a l  g ra b  sam ples to  e s t im a te  d i e t a r y  
d i g e s t i b i l i t y  w ith  sheep  (8 )  g iv e n  hay and fe e d b lo c k  was shown to  be 
a s  a c c u i 'a te  a s  t o t a l  f a e c a l  c o l l e c t i o n .  The sam p lin g  p ro c e d u re  u sed  
r e l i e d  upon 2 g rab  sam ples p e r  day o v e r  e i t h e r  3 , 6 o r  9 -d ay  p e r io d s .
In  th e  p r e s e n t  e x p e rim en t s in g le  g rab  sam ples from  a d u l t  c a t t l e  w ere 
com pared w ith  a 2 4 -h r  t o t a l  c o l l e c t i o n  o f  fa e c e s  a s  e s t im a te s  o f  
in d iv id u a l  v a r i a t i o n  in  fe e d b lo c k  in t a k e .
M a te r ia ls  and Methods
Twenty tw o, p re g n a n t (H e re fo rd  c r o s s )  s u c k le r  cows w eigh ing  
a p p ro x im a te ly  450  t o  520 kg (a t g ra s s )  w ere g iv e n  two W 29l(?6) 
fe e d b lo c k s  14 days p r i o r  to  th e  e x p e c te d  h o u s in g  d a te  (J a n u a ry  1977)*
The fe e d b lo c k s  c o n ta in e d  7*89 chrom ic oxd.de/kg DM. The t o t a l  group 
in t a k e  o f  fe e d b lo c k  was re c o rd e d  by d a i ly  w e ig h in g . The cows a l s o  
re c e iv e d  4 b a le s  o f  medium q u a l i t y  hay d a i ly  (4  k g /h e a d ) i n  a d d i t io n  
to  th e  p o o r g ra z in g  a v a i l a b l e .
At 1 2 .0 0  h r  on day 15 a f t e r  in t r o d u c in g  th e  b lo c k s  th e  cows w ere 
housed  and t i e d  in  i n d iv id u a l  s t a l l s  in  a  b y re .  The t o t a l  f a e c a l  
o u tp u t  from  in d iv id u a l  cows o v e r  th e  24 h r  p e r io d  ( p o s t  h o u s in g ) was 
c o l l e c t e d  d i r e c t l y  from  th e  dung c h a n n e l. The cows w ere in s p e c te d  
f r e q u e n t ly  and any  f r e s h  fa e c e s  p la c e d  in  p l a s t i c  bags to  m in im ise  
lo s s e s  and  c o n ta m in a tio n . At th e  end o f  th e  2 4 "h r p e r io d  th e  t o t a l  
f a e c a l  o u tp u t was w eighed  and subsam pled  a c c o rd in g  to  Method 1 (page  71 )
A d d i t io n a l ly ,  2 r e c t a l  g ra b  sam ples w ere o b ta in e d  from  each  cow a t  
14*00 h r s  on th e  a f te rn o o n  o f  h o u sin g  and a t  0 9 ,0 0  h r s  on th e  fo llo w in g  
m o rn in g . The sam ples w ere d r ie d  and th e  chromium c o n te n t  was 
d e te rm in e d .
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Resu l t s
The mean d a i ly  in ta k e  o f  fe e d b lo c k  by d a i ly  w eig h in g  was 0*86 -  
0*37 kg/lieado The fe e d b lo c k  in t a k e s  e s t i m t e d  from  s in g le  r e c t a l  g rab  
sam ples and a  2Ax-hr t o t a l  c o l l e c t i o n  o f  fa e c e s  a r e  g iv e n  in  T ab le  6 .
T ab le  6 . E xpt 1 ,4 .  Mean f a e c a l  oxi.de c o n c e n tra t io n s  and fe e d b lo c k  
in ta k e s  o f  cows
24 h r  t o t a l  
Grab sam ple Grab sam ple c o l l e c t i o n  
14*00 h r  0 9 .0 0  h r  (1 2 .0 0 -1 2 .0 0  h r )
Mean f a e c a l
chrom ic o x id e  1458 873 1082 378#
g/lO^  kg DM
Range 118 -  4639 27 -  2637 28 -  3480 7 -  1352##
CV% 8 3 .2  8 8 .0  84*3 91*4
#  Mean fe e d b lo c k  in t a k e
Range i n  fe e d b lo c k  in t a k e s .
The in d iv id u a l  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  a t  14*00 and 
09*00 h r  w ere p o s i t i v e l y  c o r r e l a t e d  ( r  = 0*93 and 0 ,9 3 )  
v /ith  fe e d b lo c k  in ta k e s  ( F i g .1 ) e s t im a te d  from  th e  2 4 -h r  c o l l e c t i o n .
The r e l a t i o n s h i p s  w ere h ig h ly  s i g n i f i c a n t  (P <  0* 0 0 1 ), The c o r r e l a t i o n  
( r  =  0*97) betw een th e  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  a t  each  o f  
th e  two s e p a r a te  g rab  sam iplings w ere a l s o  h ig h ly  s i g n i f i c a n t  (P <  0*001).
The mean f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  from  th e  1 4 .0 0  h r  g ra b  
sam ple (1458 g /lO ^  kg DM) was 35% g r e a t e r  th a n  th e  mean f a e c a l  chrom ic 
o x id e  (1 082 /10^  kg DM) o v er th e  24 h r  c o l l e c t i o n .  At t h e  su b se q u e n t 
09*00 h r  sam p lin g  th e  f a e c a l  chrom ic oxj.de (873 g /lO ^  kg DM) was 19% 
below  th e  mean 2 4 -h r  v a lu e .
The e s t im a te d  mean fe e d b lo c k  in ta k e  (378 g /h e a d )  was c o n s id e ra b ly  
lo w er th a n  th e  mean in ta k e  d e te rm in e d  by d a i ly  w e ig h in g .
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D isc u s s io n
The low mean e s t im a te d  fe e d b lo c k  in ta k e  u s in g  th e  2 4 -h r  c o l l e c t i o n  
co u ld  be a t t r i b u t e d  to  two c a u s e s .  F i r s t l y  th e  fe e d b lo c k  in t a k e  o v e r 
th e  2 4 -h r  p e r io d  im m ed ia te ly  p r i o r  to  h o u sin g  (0 -3  k g /h e a d )  was 
c o n s id e ra b ly  below  th e  mean (0*86 k g r e c o r d e d  o v er th e  14-d ay  
e x p e r im e n ta l p e r io d .  S econd ly  i t  was shovai i n  E xp ts  1 .2  and 1*3 (T ab le  
5 ) t h a t  som etim es w ith in  one and u s u a l ly  w ith in  2 days a f t e r  c e a s in g  to  
g iv e  chroml.c o x id e  th e  o u tp u t  o f  chrom ic o x id e  i n  th e  fa e c e s  was ab o u t 
h a lv e d .  T h is  i s  c o n s i s t e n t  w ith  th e  lo w er mean- chrom ic o x id e  
c o n c e n tr a t io n  a t  0 9 .0 0  h r  (21 h r  p o s t  h o u s in g ) compared wi..th e i t h e r  
th e  o v e r a l l  24 '-hr mean o r  th e  mean c o n c e n tra t io n  a t  14*00 h r  (2  h r  p o s t  
h o u s in g ) .  The low  in ta k e  o f  chrom ic o x id e  o v e r th e  day b e fo re  h o u sin g  
and th e  c e s s a t io n  o f  g iv in g  chrom ic o x id e  would a c c o u n t f o r  th e  
d is c re p a n c y  in  e s t im a te d  mean fe e d b lo c k  in ta k e  and fe e d b lo c k  in ta k e  
o v e r  th e  e x p e rim e n t.
The c o e f f i c i e n t s  o f  i n d i v id u a l  v a r i a t io n  f o r  e i t h e r  fe e d b lo c k  
in t a k e  o r  mean f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  a g re e d  c lo se ly ^  
r e f l e c t i n g  th e  h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  betw een th e s e  
p a ra m e te r s .  T h e re fo re  i t  i s  r e a s o n a b le  to  assume t h a t  th e  chrom ic 
o x id e  c o n te n t  o f  s in g l e  r e c t a l  g ra b  sam ples a r e  u s e f u l  i n d i c a to r s  o f  
r e l a t i v e  in t a k e s  o f  chrom ic o x id e  c o n ta in in g  fo o d s ,  tfnen i t  i s  
p o s s ib le  to  p ro c u re  s e v e r a l  g ra b  sam ples (on one day o r  o v e r a  p e r io d )  
from  each  a n im a l, in c r e a s e d  a c c u ra c y  i s  l i k e l y  to  be g a in e d . Due to  
th e  d iu r n a l  v a r i a t i o n s  i n  chrom ic o x id e  e x c r e t io n  d is c u s s e d  in  th e  
I n t r o d u c t io n ,  i t  i s  e s s e n t i a l  t h a t  th e  g rab  sam ples a r e  ta k e n  from  a l l  
th e  a n im a ls  in  a  group a t  a p p ro x im a te ly  th e  same t im e . The f a e c a l  
chrom ic o x id e  c o n c e n tr a t io n  o f  r e c t a l  g rab  sam ples by i t s e l f  i n  no way 
a llo w s  an  a c c u r a te  a b s o lu te  e s t im a te  o f  supp lem en t in t a k e  to  be fo rm ed . 
However an a p p ro x im a te  e s t im a te  o f  a b s o lu te  in d iv id u a l  in ta k e  may be 
made i f  th e  t o t a l  group in t a k e  i s  knovm; in d iv id u a l  in ta k e s  may be
F i g , l a  E xpt 1 .4  R e la t io n s h ip  betw een f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n  (g /lO ^  kg DM) in  s in g le  r e c t a l  g rab  sam ples o b ta in e d  a t
0 9 ,0 0  and 1 4 .OO h r .
F i g , l b  E xpt 1 ,4  R e la t io n s h ip  betw een f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n s  (g /lO ^  kg DM) i n  s in g l e  r e c t a l  g ra b  sam ples o b ta in e d  a t
0 9 ,0 0  and 1 4 .OO h r  and e s t im a te d  fe e d b lo c k  in t a k e  from  a  2 4 -h r  t o t a l  
c o l l e c t i o n .
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d e r iv e d  by a p p o r t io n in g  th e  t o t a l  in t a k e  a c c o rd in g  to  f a e c a l  chrondc 
oxi.de c o n c e n t r a t io n s .
In  many o f  th e  in s ta n c e s  w here one o r  more r e c t a l  g rab  sam ples 
have been u sed  to  m easure in d i v id u a l  v a r i a t i o n  in  in t a k e  f o r  d i . f f e r e n t  
su p p le m e n ta tio n  te c h n iq u e s  ( e , g ,  s e l f - f e e d i n g  v , h a n d -fe e d in g )  th e  
i n t e r p r e t a t i o n  o f  th e  f a e c a l  chrom ic oxi.de d a ta  and th e  r e s u l t i n g  CV i s  
d i f f i c u l t  u n le s s  th e  same a n im a ls  a r e  u sed  to  e v a lu a te  b o th  s y s te m s , A 
h ig h  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  may be i n d i c a t i v e  o f  a  h ig h  
consum ption  o f  chrom ic o x id e -c o n ta in in g  fo o d ^o r a  v e ry  low  roughage 
in t a k e  r e s u l t i n g  i n  a low  f a e c a l  DM o u tp u t  and hence e le v a te d  f a e c a l  
chrom ic oxi.de c o n c e n t r a t io n .  T h e re fo re  w here g rab  sam ples w ere u sed  to  
e s t im a te  r e l a t i v e  fe e d b lo c k  in ta k e s  th e  in d iv id u a l  v a r i a t i o n  in t a k e  was 
w henever p o s s ib le  com pared vriLth a  c o n c e n tr a te  c o n t r o l .  T h is  to o k  th e  
form  o f  th e  same amount o f  DM a s  a  c o n c e n tr a te  p e l l e t  g iv e n  in  tro u g h s  
w ith  an  a d e q u a te  sp ace  a l lo w a n c e . T hese w ere a  minimum o f  AO and BO cm 
f o r  sheep  and c a t t l e ^ r e s p e c t i v e l y ,  assum ing  a c c e s s  to  bo th  s id e s  o f  th e  
t r o u g h .
The im p l ic a t io n s  and a c c u ra c y  o f  u s in g  s in g le  g.rab sam ples to  
e s t im a te  in d i v id u a l  v a r i a t i o n  i n  supp lem en t in ta k e  a r e  f u r t h e r  d is c u s s e d  
i n  S e c t io n  1 . E xp t 6 .2 ,
I I  TIME .LAPSE PHOTOGRAPHIC STUDIES
One o f  th e  o b je c t iv e s  o f  t h i s  t h e s i s  ivas to  r e c o rd  th e  
b e h a v io u r  o f  a n im a ls  g iv e n  fe e d b lo c k s .  In  th e  in d o o r  s i t u a t i o n  t h i s  
was a c h ie v e d  by u s in g  a  tim e  la p s e  p h o to g rap h y  u n i t  p la c e d  above th e  
s to c k  w ith  an a p p ro x im a te ly  6B second  i n t e r v a l  betw een .fram es. The
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d u r a t io n  o f  each  f i lm  was a b o u t 3 d a y s . A f l a s h  u n i t  was u se d  to  recor< 
b e h a v io u r  d u r in g  h o u rs  o f  d a rk n e s s .  The d a ta  o b ta in e d  was a n a ly se d  
m a n u a lly .
I I I  THE DAILY WEI GHING OF FEEDBLOCKS
T hroughout t h i s  t h e s i s  th e  group in ta k e s  from  fe e d b lo c k s  w ere 
re c o rd e d  by d a i l y  w e ig h in g  u s in g  a 25 kg s p r in g  b a la n c e .  In  many 
in s ta n c e s  th e  e f f e c t  o f  c l i m a t i c  v a r i a b le s  on th e  in t a k e  o f  fe e d b lo c k t 
was s tu d ie d  w hich demanded th e  w e ig h in g  o f  th e  b lo c k s  a t  a c o n s ta n t  
tim e  each  d ay . T h is  was n o rm a lly  betw een  0 9 ,0 0  and 1 0 .0 0  h r .
IV THE MEASUREKEHT OF CLIMATIC VARIABLES
( i  ) T einperatu r e
T em pera tu re  d a ta  w ere o b ta in e d  u s in g  a  maximum and minimum 
the rm om eter and mean d a i l y  te m p e ra tu re  was re c o rd e d  u s in g  a  r e v o lv in g  
th e rm o g rap h ,
( i i )  R a i n f a l l
Tlie d a i l y  r a i n f a l l  was re c o rd e d  u s in g  a c e n t im e tre  r a i n  gauge 
s i t u a t e d  a t  th e  p re m ise s  o f  th e  lo w er C lyde W ater Board w hich was 
a d jo in in g  th e  E s ta te  w here th e  e x p e rim e n ts  to o k  p la c e .
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V THE SAMPLING OF FAECES
Two a l t e r n a t i v e  p ro c e d u re s  w ere u sed  f o r  th e  sam p ling  o f  f a e c e s .  
When sm a ll num bers o f  a n im a ls  w ere u sed  (M ethod l )  i n  an  experim ent^  
th e  t o t a l  d a i ly  f a e c a l  o u tp u t  from  each  in d iv id u a l  ivas w eighed f r e s h ,  
d is p e r s e d  on a  t r a y  and th o ro u g h ly  m ixed , A lOJ^ subsam ple o f  th e  f r e s h  
o u tp u t f o r  each day was b u lk e d  to g e th e r  to  form  a co m p o site  sam ple f o r  
th e  r e q u i r e d  p e r io d  o f  c o l l e c t i o n .  The r e s u l t i n g  co m posite  sam ples w ere 
th e n  a n a ly se d  f o r  DM and o th e r  r e le v a n t  p a ra m e te r s .
Mien la r g e  num bers o f  a n im a ls  w ere u sed  (M ethod 2 ) th e  t o t a l  f r e s h  
d a i l y  f a e c a l  o u tp u ts  f o r  each  in d i v id u a l  w ere grouped  to g e th e r  o v e r th e  
d e s i r e d  number o f  days in  a  l a r g e  p o ly th e n e  ba.g. The bag c o n ta in in g  
th e  t o t a l  o u tp u t o f  f a e c e s  o v e r  th e  c o l l e c t i o n  p e r io d  was w eighed and 
th e  c o n te n ts  p la c e d  in  a  t r a y ,a b o u t  I 'O  x  1 «0 x  0«2 m e tre s ,  and m ixed 
th o ro u g h ly , A r e p r e s e n t a t i v e  subsam ple o f  fa e c e s  was o b ta in e d  f o r  DM 
and o th e r  r e l e v a n t  a n a l y s i s ,
A com parison  betw een th e  two m ethods o f  f a e c a l  sam p lin g  ivas 
c a r r i e d  o u t m t h  32  sheep  (e w e s ) . The fa e c e s  from  16 ewes w ere sam pled  
a c c o rd in g  to  Method 1 and f a e c e s  from  th e  o th e r  16 ewes a c c o rd in g  to  
Method 2 , The ewes had been  g iv e n  a chrom ic o x id e  c o n ta in in g  fe e d b lo c k s  
(CSE) f o r  a 14 -day  p e r io d  b e fo re  f a e c a l  c o l l e c t i o n  commenced. T here  vra.s 
no s i g n i f i c a n t  d i f f e r e n c e  i n  c a l c u la te d  fe e d b lo c k  in t a k e  a s  d e te rm in e d  
by th e  mean d a i l y  f a e c a l  DM o u tp u t and t h e i r  chrom ic o x id e  c o n te n ts  f o r  
th e  two sam p lin g  m ethods.
VI MEASUREMENT OF THE DIGESTIBILITY COEFFICIENTS OF FEEDBLOCKS
In  s e v e r a l  ex p e rim e n ts  i n  t h i s  t h e s i s  a com parison  o f  p ro v id in g  
s iriL ila r am ounts o f  d i g e s t i b l e  n u t r i e n t s  i n  e i t h e r  a fe e d b lo c k  o r
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c o n c e n tr a te  fom i was m ade. T h is  r e q u i r e d  a Imowledge o f  th e  
d i g e s t i b i l i t y  c o e f f i c i e n t s  f o r  th e  fe e d b lo c k s  u s e d . S e v e ra l  p rob lem s 
a ro s e  in  th e  in  v iv o  d e te rm in a t io n  o f  d i g e s t i b i l i t y  c o e f f i c i e n t s j  th e s e  
w ere p a r t i c u l a r l y  s e v e re  fo r  th e  su p p le m e n t-ty p e  b lo c k s  w hich a r e  
in te n d e d  to  form  o n ly  a  s m a ll  p r o p o r t io n  o f  th e  t o t a l  DM in  th e  d i e t .
As d em o n stra ted  e a r l i e r  i n  t h i s  t h e s i s ,  when fe e d b lo c k s  a re  
g iv e n  a lo n e  d ig e s t iv e  u p s e ts  a r e  l i k e l y  to  o ccu r even f o r  th e  h ig h e r  
in t a k e  s u b s t i tu te - ty p e  fe e d b lo c k s .  T h e re fo re  any d i g e s t i b i l i t y  
d e te rm in a t io n  made on fe e d b lo c k s  m ust in v o lv e  th e  d i g e s t i b i l i t y  by 
d i f f e r e n c e  te c iin iq u e . R e l ia b le  d i g e s t i b i l i t y  e s t im a t io n s  o f  m ost fo o d s 
can be d e r iv e d  i n  t h i s  m anner b u t e s p e c i a l l y  w ith  fe e d b lo c k s  s e v e r a l  
e x t r a  d i f f i c u l t i e s  a r e  in v o lv e d . These in c lu d e  th e  fo llo w in g ;
( i )  F eed b lo ck s a r e  p u r p o s e f u l ly  d e s ig n e d  to  r e s t r i c t e d  v o lu n ta ry  
i n t a k e  and g iv e  a  ' s e l f - h e l p , '  sy stem  o f  f e e d in g .  The n u t r i t i o n i s t  i s
t h e r e f o r e  fa c e d  w ith  a  dilemm a i n  w hat q u a n t i ty  o f  any  fe e d b lo c k  can be
g iv e n  w ith o u t c a u s in g  r e f u s a l s  o r  d ig e s t iv e  d is tu rb a n c e s  and a t  th e  
same tim e  p ro v id e  a  m e a n in g fu l in c re m e n t above th e  b a s a l  r a t i o n  to
f a c i l i t a t e  a c c u r a te  m easurem ent o f  fe e d b lo c k  d i g e s t i b i l i t y .  T h is  can 
u s u a l ly  o n ly  be d e te rm in e d  by t r i a l  and e r r o r .
( i i )  In  p r a c t i c e  fe e d b lo c k s  may be in g e s te d  l i t t l e  and o f te n  b u t in  
d i g e s t i b i l i t y  t r i a l  s tu d ie s  such  a  p a t t e r n  o f  g iv in g  fo o d  i s  o f te n  
im p r a c t i c a l  and m eal fe e d in g  h as  to  be a d o p te d . T h e re fo re  any  p o s s ib le  
i n t e r a c t i o n  betw een b lo c k  in g r e d i e n t s  and fre q u e n c y  o f  i n t a k e  on d i e t  
d i g e s t i b i l i t y  a r e  n o t a s s e s s e d ,
(M i) F eed b lo ck s a r e  o f te n  s p e c i f i c a l l y  fo rm u la te d  to  in c r e a s e  th e  
d i g e s t i b i l i t y  o f  o th e r  d i e t a r y  com ponents such  a s  p o o r q u a l i t y  
ro u g h a g e s . R e l ia b le  d i g e s t i b i l i t y  e s t im a te s  u s in g  th e  d i f f e r e n c e  
te c h n iq u e  r e q u i r e  th e  u se  o f  a  b a s a l  r a t i o n  w hich i d e a l l y  m a in ta in s  a 
c o n s ta n t  d i g e s t i b i l i t y  when th e  in c re m e n t o f  food  t o  be e v a lu a te d  i s
g iv e n . T h is means t h a t  t h e  b a s a l  r a t i o n  m ust be o f  s u f f i c i e n t l y  h ig h  
q u a l i t y  a s  to  p r e c lu d e  any  a s s o c i a t i v e  in f lu e n c e  betw een th e  b a s a l  
and t e s t  f o o d s tu f f ,  A f u r t h e r  c o m p lic a tin g  f e a t u r e  w here fe e d b lo c k s  
a r e  co n ce rn ed  i s  t h a t  due to  the. c o n s id e ra b le  s a l t  i n c lu s io n s  i n  some 
b lo c k s ,  w a te r  in t a k e  i s  l i k e l y  to  be h ig h  and e x c e s s iv e ly  s o f t  f a e c e s  may 
r e s u l t , T h e re fo re  a n o th e r  re q u ire m e n t o f  th e  b a s a l  r a t i o n  i s  t h a t  i t  
sh o u ld  c o n ta in  s u f f i c i e n t  f i b r e  to  e n su re  t h a t  f a e c e s  a r e  m anageable f o r  
q u a n t i t a t i v e  f a e c a l  c o l l e c t i o n .  T h is  may be In c o m p a tib le  m t h  f u l f i l l i n g  
th e  c r i t e r i o n  o f  a  h ig h  q u a l} .ty  b a s a l  r a t i o n .  The ch o ice  o f  b a s a l  r a t i o n  
i s  th e r e f o r e  o f  u tm o st im p o rta n c e  i n  d e te rm in in g  th e  d i g e s t i b i l i t y  o f 
fe e d b lo c k s  by d i f f e r e n c e .
F or th e  s u b s t i t u t e - t y p e  fe e d b lo c k s  th e  m ost s a t i s f a c t o r y  b a s a l  
r a t i o n  em ployed was a p p ro x im a te ly  1 kg ( f r e s h  m a t te r )  o f  m odera te  
q u a l i t y  d r ie d  g r a s s  cubes (142 g CP, 221 g CF, 25 g EE, 76 g A sh/kg  DM), 
\^ e n  g iv e n  to  m a tu re  w e th e rs  t h i s  a l l o c a t i o n  was r e a d i l y  consumed 
to g e th e r  v jith  in c re m e n ts  o f  fe e d b lo c k  m a te r i a l  betw een  200 to  500 g .
In  m ost c a se s  th e  f a e c e s  p ro d u ced  from  th e s e  d i e t s  w ere r e a s o n a b ly  w e ll  
p e l le te d } e n a b l in g  q u a n t i t a t i v e  c o l l e c t i o n s  o f  f a e c e s  to  be made w ith  
c o n f id e n c e . The d i g e s t i b i l i t y  e s t im a te s  o b ta in e d  i n  t h i s  m anner f o r  
s e v e r a l  d i f f e r e n t  ty p e s  o f  s u b s t i tu t e - f e e d b lo c k  a r e  g iv e n  i n  T ab le  7*>
The p ro c e d u re  f o r  th e s e  e s t im a t io n s  was to  g iv e  th e  sheep  (n o rm a lly  
4 / t r e a tm e n t )  in  m e tab o lism  c r a t e s  g ra s s  cubes a lo n e  f o r  17 days 
fo llo w e d  by a f u r t h e r  17 day p e r io d  when th e  g r a s s  cubes and fe e d b lo c k  
m a te r i a l  w ere g iv e n .  F aeces  w ere c o l l e c t e d  o v e r th e  f i n a l  7 days o f  
each  p e r io d .  The d i e t s  u sed  w ere g iv e n  in  2 a p p ro x im a te ly  e q u a l 
p o r t io n s  a t  0 8 .0 0  and 1 6 ,0 0  h r .
None o f  th e  b a s a l  r a t i o n s  exam ined ap p ea red  to  be s a t i s f a c t o r y  
f o r  e v a lu a t in g  d i g e s t i b i l i t y  o f  su p p le m e n t- ty p e  fe e d b lo c k s  by th e  
d i f f e r e n c e  m ethod. One p r o p r i e t a r y  s u p p le m e n t- ty p e  fe e d b lo c k  was 
c o m p le te ly  r e f u s e d  by w e th e rs  when g iv e n  a s  150 g fe e d b lo c k  DM/kg o f
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T ab le  7^ - E s tim a te d  d ig e s t i b i l i t y  (DE M J/kg. DCP g /k g and  DOM g /k g 
c o n te n ts  DM b a s i s )  f o r  s e v e r a l  s u b s t i t u t e - t y p e  fe e d b lo c k s , u s in g  th e  
d i f f e r e n c e  te c h n ia u e  and a  b a s a l  r a t i o n  o f  d r ie d  gz'ass cubes
F eedb lock CSE W290(74) W290(76) W291(74) W29 l ( 7 6 )
D ried
g ra s s
cubes
No. o f  sheep 5 3 4 3 4 12
F eed b lo ck  g 212 326 443 332 446 800 to  900
In c lu d e d  s a l t  g 31 19 26 12 13 «
D i g e s t i b i l i t y  % 
DM 7 3 .3 ± 3 .5 6 6 .8 + 0 .6 6 3 .2 + 1 .8 5 8 ,7 + 0 .8 6 5 .7 + 4 .2 7 2 . 2ÏO .7
CM 7 6 .7 + 3 .2 n d . 7 9 .7 + 3 .2 n d . 8 0 .7 + 3 .1 7 2 .6 Ï Ï .4
N 8 7 .6 + 3 .0 7 1 .5 ± 3 .5 8 2 .2 + 1 .5 7 7 .7 + 1 .8 8 4 .5 Î 5 .2 6 4 .9 + 0 .9
E nergy 7 8 ,2 + 4 .6 7 5 .7 + 1 .8 8 0 .4 + 3 .8 7 9 .1 ± 4 .3 8 3 .1 + 2 ,5 7 0 . 4+0 .7
C a lc u la te d  DE 1 1 ,4 9 .7 1 0 ,2 1 0 .4 1 1 ,4 1 3 .0
C a lc u la te d  DCP 149 173 168 176 167 92
C a lc u la te d  DOM 585 n d . 591 n d . 604 671
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t o t a l  d i e t .  In  one e x p e rim en t i t  was hoped to  c h a r a c t e r i s e  th e  
n u t r i t i v e  v a lu e  o f  a supp lem en t fe e d b lo c k  (RfLE) and compare th e  g iv in g  
o f  e q u a l am ounts o f  su p p lem en ta ry  d i g e s t i b l e  c ru d e  p r o t e i n  and en e rg y  
a s  e i t h e r  fe e d b lo c k  o r  c o n c e n tr a te  m a te r i a l ,  IVhen d r ie d  g r a s s  cubes 
w ere u sed  a s  th e  b a s a l  r a t i o n ,  th e  maximum amount t h a t  c o u ld  be g iv e n  
and s t i l l  e n su re  t h a t  th e  fe e d b lo c k  in c lu s io n  (203 g DM) w ould be 
consumed was 880 g DM o f  g r a s s  cubes ( T r i a l  A ). U n less  r e c e iv in g  food  
a t  a  l e v e l  w e l l  below  a p p e t i t e ,  th e  sh eep  w ere m ost r e l u c t a n t  to  
consume th e  su pp lem en t fe e d b lo c k  m a te r i a l  g iv e n . When th e  p ro c e d u re  f o r  
m e asu rin g  d i g e s t i b i l i t y  was c a r r i e d  o u t a s  f o r  th e  s u b s t i t u t e - t y p e  
fe e d b lo c k s  th e  sheep  sc o u re d  e x c e s s iv e ly  and a l th o u g h  fa e c e s  w ere 
c o l l e c t e d  q u a n t i t a t i v e l y  u s in g  p o ly th e n e  l i n in g s  i n  r u b b e r is e d  c a n v a ss  
f a e c a l  bags th e  r e s u l t s  o b ta in e d  (T a b le  8 ) a p p e a re d  an om alous. T here 
was c o n s id e ra b le  v a r i a t i o n  betw een i n d i v id u a l  sheep  in  d i g e s t i b i l i t y  
e s t i jn a te s ^ p a r t i c u la r ly  f o r  N d i g e s t i b i l i t y ,  r e f l e c t e d  i n  th e  h ig h  SE o f  th e  
m ean. The com puted ME v a lu e  f o r  RHE (DE x  0 « 8 l)  was 5°19 M J/kg -which m s  
f a r  below  th e  m a n u fa c tu re rs  c la im ed  v a lu e  o f  8«6 M J/kg,
When a second  d i g e s t i b i l i t y  t r i a l  ( T r i a l  B) was co n d u c ted  u s in g  
a  d i f f e r e n t  b a s a l  r a t i o n  o f  66/+ g DM composed o f  th e  fo llo w in g  (482  g 
d i s t i l l e r y  s i f t i n g s ,  326 g b a r l e y ,  121 g c o t to n s e e d  m ea l, 18 g 
d ic a lc iu m  p h o sp h a te  and  18 g c a lc iu m  c a rb o n a te /k g )  p lu s  251 g o f  RÎ-1E, 
s im i.la r  r e s u l t s  (T a b le  8 ) w ere fo u n d . I t  was hoped t h a t  th e  in c lu s io n  
o f  more CF i n  th e  b a s a l  r a t i o n  from  t h e  s i f t i n g s  (w ith  400 g C F/kg) 
w ould a l l e v i a t e  th e  s c o u r in g  p rob lem  b u t no imiprovement was fo u n d , 
T h e re fo re  th e  n u t r i t i v e  v a lu e  o f  RHE and supp lem en t fe e d b lo c k s  i n  
gen era ], co u ld  n o t  be a c c u r a te l y  c h a r a c te r i s e d  i n  i s o l a t i o n ,  w hich v^as 
in c o n v e n ie n t  from  an  e x p e r im e n ta l v iev /p o in t b u t n o t r e a l l y  s u r p r i s in g  
b eca u se  o f  t h e i r  in te n d e d  u se  a s  low  in tad ie  su p p lem en ts  f o r  p o o r q u a l i t y  
ro u g h a g e s . The c r i t i c a l  e v a lu a t in g  t e s t  f o r  supp lem en t fe e d b lo c k s  i s  
t h e i r  e f f e c t  on roughage  consum ption  and d i g e s t i b i l i t y  o f  th e  t o t a l  d i e t
7 6 ,
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when i t  i s  p r i n c i p a l l y  composed o f  ro u g h ag e .
The r e s u l t s  o b ta in e d  i n  th e  two sm a ll s c a le  d i g e s t i b i l i t y  T r i a l s  
A and  B p a r t l y  s t im u la te d  th e  much m ore d e t a i l e d  i n v e s t i g a t i o n  o f  th e  
i n g r e d i e n t s  o f  R um evlte fe e d b lo c k s  l a t e r  in  t h i s  t h e s i s .  The p r o p o r t io n  
o f  RHE i n  th e  t o t a l  d i e t  f o r  t r i a l s  A and  B was 18? and  274 g /k g  d i e t  DM» 
r e s p e c t iv e l y .  The in c lu s io n  o f  s a l t  (123 g /k g  DM) i n  RHE m eant t h a t  f o r  
th e  two t r i a l s  th e  in t a k e  o f  s a l t  was 25 g and 31 g from  th e  f e e d b lo c k , 
r e s p e c t iv e l y .  However when th e  s u b s t i t u t e - t y p e  fe e d b lo c k s  CSE (145 g 
s a l t / k g )  and W290(74) (60 g s a l t / k g )  w ere g iv e n  i n  a  d i g e s t i b i l i t y  
t r i a l ,  th e  s a l t  in t a k e s  from  th e  fe e d b lo c k s  (T ab le  7) w ere s im i la r  to  
RHE. In  th e s e  t r i a l s  no s c o u r in g  o c c u rre d  and a p p a r e n t ly  v a l id  
d i g e s t i b i l i t y  d a ta  was a c c u m u la te d . T h e re fo re  i t  a p p e a re d  u n l ik e ly  
t h a t  th e  s a l t  in c lu s io n  p e r  s e  i n  RHE was a lo n e  r e s p o n s ib le  f o r  th e  
d ig e s t iv e  d is tu r b a n c e s  p ro d u c e d . I t  i s  p o s s ib le  t h a t  some o th e r  
in g r e d i e n t  in  RHE in d u c ed  th e  a n im a ls  to  d r in k  more w a te r  and th u s  
p ro d u ce  v e ry  s o f t  f a e c e s .  Most o f  th e  in g r e d ie n ts  o f  RHE e .g .  u r e a ,  
c e r e a l s  e t c .  a r e  a l s o  in c lu d e d  in  th e  s u b s t i tu t e - f e e d b lo c k s  a p a r t  from  
EC fe e d  ( th e  fe e d b lo c k  h a rd e n in g  a g e n t)  w hich form s a p p ro x im a te ly  a  
q u a r te r  o f  th e  R um e\âte b lo c k .  The e f f e c t  o f  EC fe e d  on d i g e s t i b i l i t y  
i s  exam ined i n  d e t a i l  i n  S e c t io n  4 o f  t h i s  t h e s i s .
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SECTION 1
INDIVIDUAL VARIATION IN  FEEDBIDCK INTAKE AND COMPARISON WITH OTHER TYPES 
OF SUPPLEMENTATION
I n t r o d u c t io n
A s e r i e s  o f  a d v a n ta g e s  have been  p ro p o sed  f o r  th e  g iv in g  o f  
su p p le m e n ta ry  n u t r i e n t s  on a  ' s e l f - h e l p , '  sy stem  such  a s  i s  p o s s ib le  
when fe e d b lo c k s , l i q u i d s  o r  s a l t - c o n t a i n i n g  c o n c e n tr a te s  a r e  u s e d . I t  
i s  Im p lie d  t h a t  b eca u se  crow ding  and  b u l ly in g  a r e  l a r g e l y  e l im in a te d  
when ' s e l f - h e l p , '  su p p lem en ts  a r e  g iv e n  a  more u n ifo rm  tjq ie  o f  
s u p p le m e n ta tio n  may be e f f e c t e d  th a n  when s to c k  a re 'h an d ™ fed H is in g  
t r o u g h s .  Some o f  th e  a d v a n ta g e s  c la im e d  f o r  ' s e l f - f e d , ' su p p le m e n ts , 
have been  sum m arised by W eir and T o r r e l l  ( l9 5 3 )>
(a ) .  S to ck  do n o t  have to  be g iv e n  th e  su p p lem en ts  d a i l y .
(b )  Each a n im a l"h a s  an  o p p o r tu n i ty  to  ta k e  a s  much supp lem en t a s  i t  
d e s i r e s .
( c )  The an im a l can in c r e a s e  i t s  in t a k e  a s  th e  su p p ly  o f  o th e r  food  
d e c r e a s e s ,
(d )  Few er, i f  an y , fe e d  tro u g h s  a r e  n eed ed .
( e )  A l l  th e  a n im a ls  i n  a group do n o t have to  be p r e s e n t  a t  th e  
fe e d in g  tro u g h  a t  th e  same tim e  to  g e t  t h e i r  f a i r  s h a re  o f  su p p lem en t.
F eed b lo ck s a r e  a l s o  c la im e d  to  be o f  p a r t i c u l a r  u se  i n  en co u ra g in g  
*s h y - f e e d e r s , ' such  a s  2 - y e a r - o ld  sheep  (gim m ers) to  make u se  o f  
su p p le m e n ta ry  fe e d  i n  c o m p e tit io n  w ith  o ld e r  sh e e p .
C o n v e rse ly , b eca u se  by d e f i n i t i o n  fe e d b lo c k  in t a k e  i s  l i m i t e d  by 
p h y s ic a l  h a rd n e ss  a n d /o r  u n p a l a t a b i l i t y  o f  fe e d b lo c k  in g r e d i e n t s  some 
in d i v id u a l s  may be r e l u c t a n t  to  consume b lo c k  m a te r i a l ,  w h ile  o th e r  more 
g re e d y  a n im a ls  m ig h t consume d i s p r o p o r t i o n a te l y  l a r g e  q u a n t i t i e s  o f  
b lo c k  m a te r i a l .  The in t a k e  v a r i a t i o n  m igh t th e n  bo g r e a t e r  th a n  f o r  
tro u g h  g iv e n  food* No p u b l i c a t i o n  e x i .s ts  w here fe e d b lo c k  and tro u g h
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su p p le m e n ta tio n  system s have been c r i t i c a l l y  compared i n  te rm s o f  
in d i v id u a l  in ta k e  v a r i a t i o n .
The in d iv id u a l  v a r i a t i o n  r e s u l t i n g  from  fe e d b lo c k  su p p le m e n ta tio n  
h as  been th e  s u b je c t  o f  o n ly  3 s t u d i e s ;  Beames (1 9 6 3 ) , and P e a rc e  and 
Raven (1973) w ith  c a t t l e  and Beames and M o rris  (1965) w ith  sh e e p . The 
r e s u l t s  o f  th e s e  ex p e rim e n ts  have a l r e a d y  been rev iew ed  in  th e  
in t r o d u c t io n  to  t h i s  t h e s i s .  Only v e ry  sm a ll numbers p e r  group w ere 
u sed  p a r t i c u l a r l y  f o r  c a t t l e .
The in d iv id u a l  v a r i a t i o n  from  h a n d -fe e d in g  o f  suppleD ientary  
n u t r i e n t s  u s in g  tro u g h s  u n d er housed  c o n d it io n s  has been  s tu d ie d  by 
F oo t and R u sse l ( l9 7 3 )  u s in g  b a r re n  sheep  and F o o t, R u s se l,  M axwell and 
M o rris  ( l9 7 4 )  u s in g  p re g n a n t ew es. F o o t and R u sse l ( l9 7 3 )  found t h a t  
th e r e  can be a  tw o - fo ld  d i f f e r e n c e  i n  in ta k e  o f  p e l l e t e d  food by 
in d iv id u a l  a,nim als i n  th e  same g ro u p . They a l s o  con c lu d ed  t h a t  th e  
p h y s ic a l  form  o f  th e  d i e t  was o f  g r e a t  im p o rtan ce  in  d e te rm in in g  th e  
m agn itude  o f  v a r i a t i o n  f o r  food  in ta k e  i n  a group s i t u a t i o n .  The CV f o r  
i n d iv id u a l  v a r i a t i o n  in  hay  in t a k e  ( l3 ^ )  was c o n s i s t e n t ly  below  t h a t  f o r  
v a r i a t i o n  in  c o n c e n tr a te  in t a k e  (3 6 ^ ) .
F o o t, R u s s e l ,  M axwell and  M o rris  (1974) found t h a t  i n d iv id u a l  
c o n c e n tra te  in t a k e s  w ere m ost v a r i a b le  (CV 24 to  $1^) when th e  d a i ly  
g roup  a llo w an ce  ivas s m a ll  (96  g DM /sheep) b u t v a r i a t i o n  d e c re a se d  (CV 
13 to  21^) when th e  am ounts o f  c o n c e n tra te s  g iv e n  in c re a s e d ^ to  c o n t r ib u te  
up to  47% (435 g DM/sheep) o f  th e  t o t a l  d i g e s t i b l e  DM in t a k e .  IVhen 
m a tu re  and tw o -y e a r -o ld  ewes i n  t h e i r  f i r s t  p reg n an cy  w ere penned 
to g e th e r ,  th e  y ounger sheep  w ere a t  no d is a d v a n ta g e  in  te rm s  o f  amount 
o f  c o n c e n tr a te  consum ed. Some m u ltip a ro u s  ewes how ever w ere l e s s  
c o m p e ti t iv e  and consumed in a d e q u a te  am ounts o f  c o n c e n tr a te s  to  m eet 
n u t r i e n t  re q u ire m e n ts  ( p r i n c i p a l l y  en e rg y ) d u r in g  th e  c r i t i c a l  6-week 
p e r io d  p r i o r  to  p a r t u r i t i o n .  I t  was co n c lu d ed  t h a t  th e  g iv in g  o f  
su p p lem en ta ry  n u t r i e n t s  to  p re g n a n t ewes a s  c o n c e n tra te s  in  tro u g h s
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c o u ld  be a  v e ry  w a s te f u l  and im p ré c is e  m ethod. .
T here i s  no r e p o r t  w here th e  e f f e c t  o f  tro u g h  sp a c e  a llo w a n c e  p e r  
a n im a l on in d i v id u a l  su pp lem en t in t a k e  h as  been s tu d ie d .  A rno ld  and  
M il l e r  ( l9 7 4 )  gave o a t s  (450 g /d a y )  a t  space  a llo w a n c e s  from  4 to  o v e r 
50 cm to  sheep  a t  g r a z in g .  Below 12 cm /sheep c o n s id e ra b le  d is tu rb a n c e  
o c c u rre d  and some sheep  s to p p e d  com peting  f o r  fe e d  and became non­
f e e d e r s .  The number o f  n o n - fe e d e r s  a t  a  p a r t i c u l a r  tro u g h  le n g th  was 
d e te rm in e d  on th e  f i r s t  day t h a t  th e  s p a c in g  was im posed . The 
d i s p o s i t i o n  o f  some sheep  to  com pete s t r o n g ly ,  day a f t e r  day^ d id  n o t  
wane and no g ra d u a l  in c r e a s e  i i  th e  p r o p o r t io n  o f  n o n - fe e d e r s  was 
o b se rv e d . T h is  i s  c o n s i s t e n t  w ith  th e  p r i n c i p l e  t h a t  th e  dom inance 
ra n k in g  o f  a n im a ls  c o n fro n te d  w ith  a  new s i t u a t i o n  i s  e s t a b l i s h e d  
q u ic k ly  and t h e r e a f t e r  rem a in s  s t a b l e .  In  a  f lo c k  o f  M erino w e th e rs  o f  
m ixed age group th e  1 - y e a r - o ld  and 7 -y e a r - o ld  sheep  w ere th e  l e a s t  
c o m p e ti t iv e ,  A rno ld  and M il le r  (19 7 4 ) su g g e s te d  a  minimim tro u g h  sp ace  
a llo w a n c e  o f  16 cm when d a i l y  g r a in  su p p lem en ts  a r e  g iv e n  to  g ra z in g  
sh e e p .
T here a p p e a rs  to  be l i t t l e  j u s t i f i c a t i o n  to  s u g g e s t  t h a t  fe e d b lo c k s  
a r e  s u p e r io r  in  te rm s  o f  u n ifo rm ity  o f  in t a k e  w ith in  a  g ro u p , to  h and - 
fe d  c o n c e n tr a te s  g iv e n  i n  t r o u g h s .  In  p re v io u s  ex p e rim en ts  th e  amount 
o f  v a r i a t i o n  f o r  b o th  ty p e s  o f  su p p le m e n ta tio n  has been c o n s id e ra b le  
b u t no c o n t r o l le d  c o n p a ra tiv e  s tu d ie s  have been m ade. A s e r i e s  o f  
e x p e rim e n ts  w ere t h e r e f o r e  u n d e r ta k e n  i n  th e  p r e s e n t  s tu d y  to  compare 
th e  e x te n t  o f  in d i v id u a l  v a r i a t i o n  from  fe e d b lo c k s  and  tro u g h  supp lem en ts  
f o r  b o th  sheep  and c a t t l e  u n d er a  v a r i e t y  o f  c o n d i t io n s .  The i n i t i a l  
e x p e rim e n ts  w ere p e rfo rm e d  w ith  housed  sheep  to  o b ta in  maximum c o n t r o l  
o v e r  th e  e x p e r im e n ta l  c o n d i t io n s .  A c o n c u r re n t  b e h a v io u ra l  
i n v e s t i g a t i o n  u s in g  tim e  la p s e  p h o to g rap h y  equipm ent was a l s o  
u n d e r ta k e n  i n  th e  f i r s t  o f  th e s e  e x p e r im e n ts .
Bi
A The in d iv id u a l  v a r i a t i o n  in  v o lu n ta ry  food  in ta k e  v d th in  g roups o f  
m atu re  housed  ewes o f f e r e d  fe e d b lo c k s  o r  c o n c e n tr a te s  in  
c o m p e tit iv e  and n o n -c o m p e tit iv e  s i t u a t i o n s
Ma t e r i a l s  and M ethods
T h ir ty  tw o, b a r re n ,  G rey face  (B order L e i c e s te r  ç f ’ x  S c o t t i s h  
B la c k fa c e  Ç )  ewes r a n g in g  in  l i v e  w e ig h t from  51 to  kg w ere d iv i.ded  
in t o  2 g roups (A and B) a c c o rd in g  to  t h e i r  l i v e  w e ig h t and d e n ta l  
s t a t u s .  The ewes had some l i m i t e d  p re v io u s  e x p e r ie n c e  o f  consum ing 
fe e d b lo c k s .  At th e  o n s e t  o f  th e  t r i a l  (November 1974) m ost o f  th e  
ewes p o s s e s s e d  a f u l l  com plim ent o f  perm anen t i n c i s o r  t e e t h  w hich in  
s e v e r a l  c a se s  w ere lo n g  and lo o s e .  The ewes w ere housed  i n  an open 
f r o n te d  b u i ld in g  and w ere bedded on saw d u st.
E xperim en t 2 ,1 ,  Ewes r e c e iv in g  fe e d b lo c k s  in  a c o m p e tit iv e  s i t u a t i o n  
In  t h i s  ex p erim en t o f  a p p ro x im a te ly  7 weeks d u r a t io n ,  group A 
ewes had  c o n t in u a l  a c c e s s  to  a  'h ig h  i n t a k e , '  fe e d b lo c k  (W 290(74))»
Group B ewes w ere o f f e r e d  a  lo w er in t a k e  ( i . e .  h a rd e r )  fe e d b lo c k  
(W 2 9 l(7 4 )).
T y p ic a l chem ica l co m p o sitio n s  o f  th e s e  b lo c k s  a r e  g iv e n  i n
T ab le  1 , Both fe e d b lo c k s  c o n ta in e d  chrom ic o x id e , 2*48 and 2*40 g /k g  DM
f o r  th e  W290(74) and W 29l(74) b lo c k s , r e s p e c t iv e l y .  The mean d a i ly  
group in t a k e s  on a f r e s h  m a t te r  b a s is  v/ere m o n ito re d  by w eig h in g  and 
r e s id u e s  w ere removed when l e s s  th a n  4 kg o f  b lo c k  m a te r i a l  rem ained  
and a  new fe e d b lo c k  th e n  s u b s t i t u t e d .  O ften  th e  l e v e l  o f  in ta k e  
a t t a i n e d  f o r  (W 290(74)) r e q u i r e d  t h a t  a  new b lo c k  be in t ro d u c e d  d a i l y .
Ad l i b i tu m ,  p o o r q u a l i t y  hay  (53 g CP, 41 g Ash, 394 g CF, 11 g EE,
501 g NFE/kg DM) was g iv e n  to  b o th  g ro u p s  in  N o rw e g ia n  b o x -ty p e  f e e d e r s .
The am ounts o f  hay  in t ro d u c e d  w ere re c o rd e d .
The ewes w ere eq u ip p ed  f o r  q u a n t i t a t i v e  f a e c a l  c o l l e c t i o n  w ith  
h a rn e s s 'a n d  n y lo n  mesh b a g s . F aeces w ere c o l l e c t e d  from  th e  ewes
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8 to  14  and 28 to  34  days a f t e r  th e  i n i t i a l  i n t r o d u c t io n  o f  th e  b lo c k s .  
F aeces  w ere sam pled a c c o rd in g  to  Method ( l )  (page 71 ) .  A 4"day  
c o l l e c t i o n  o f  fa e c e s  o v e r  days 8  to  1 1  and 28 to  31 væls a l s o  made by 
r e t a i n i n g  a  f u r t h e r  10% o f  t h e  t o t a l  f r e s h  o u tp u t ,e n a b l in g  in d i v id u a l  
fe e d b lo c k  in ta k e s  to  be com puted a c c o rd in g  to  th e  chrom ic o x id e  
re c o v e re d  o v e r  b o th  7 and 4 -d ay  p e r io d s .
A f te r  th e  c o l l e c t i o n  (d ay s  28 to  3 4 ) had been  com p le ted , a  change 
o v e r  was e f f e c t e d  w ith  group  A ewes t r a n s f e r r e d  to  t h e  W 29l(?4) fe e d b lo c k  
and group B ewes to  W290(74)* F aeces  w ere c o l l e c t e d  from  th e  ewes o v e r 
days 8 to  I 4 and 8 to  11 to  g iv e  7 and 4 -d ay  com posite sam p les , 
r e s p e c t i v e l y .
A t im e - la p s e  p h o to g ra p h y  u n i t  was s i t e d  on a  p la tfo rm  above th e  
sheep  fo c u se d  on b o th  f e e d b lo c k s .  S e v e ra l  f i lm s  each  o f  72 h o u rs  
d u ra t io n ^ w ith  an  i n t e r v a l  o f  a p p ro x im a te ly  68 seconds betw een  fram es 
w ere o b ta in e d .  These f i lm s  to g e th e r  v /ith  a 2 4 -h r  m anual o b s e rv a t io n  
s tu d y  w ere a n a ly se d  w ith  th e  i n t e n t i o n  o f  e s t a b l i s h in g  th e  fe e d in g  and 
r e s t i n g  b e h a v io u r  o f  th e  sheep  w ith  s p e c ia l  em phasis on th e  number o f  
v i s i t s ,  th e  d u ra t io n  o f  each  v i s i t  and th e  t o t a l  tim e  s p e n t  a t  th e  ' 
fe e d b lo c k s  f o r  i n d i v id u a l  sheep  d u r in g  any 2 4 -h r  i n t e r v a l .  To 
f a c i l i t a t e  i d e n t i f i c a t i o n  o f  in d i v id u a l  ewes a l a r g e  p l a s t i c  number 
p l a t e  was a t ta c h e d  to  th e  h a rn e s s  s t r a p s  on th e  back  o f  each  ewe.
E xperim en t 2 ,2 .  Ewes r e c e iv in g  b roken  fe e d b lo c k  m a te r i a l  i n  tro u g h s
In  t h i s  e x p e rim e n t, g roup A ewes w ere g iv en  0*83 kg DM /head/day o f  
W 290(74) b lo c k  m a te r i a l  i n  a  g round  form , e q u iv a le n t  to  t h e i r  mean d a i l y  
in ta k e  from  i n t a c t  fe e d b lo c k s  i n  E xpt 2 .1 .  T his a l l o c a t i o n  was g iv e n  
once d a i l y  i n  tro u g h s  w ith  a  sp a c e  a llo w a n c e  o f  4 I  cm /sheep . In  
p r a c t i c e ,  th e  q u a n t i ty  o f  m a te r i a l  o f f e r e d  p ro v ed  u n p a la ta b le  to  t h e  
sheep  f o r  r a p id  consum ptioh  and f r e q u e n t ly  m a te r i a l  rem ained  u n e a te n  
8 to  10 h r  a f t e r  i n t r o d u c t i o n ,  a l th o u g h  a l l  was consumed i n  24  h r .
Group B ewes r e c e iv e d  0«25 kg D M /head/day o f  W 29l(74) b lo c k
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m a te r i a l  u n d er s im i l a r  e x p e r im e n ta l c o n d i t io n s  to  group A ew es. T h is  
l e v e l  o f  fe e d b lo c k  a l l o c a t e d  was consumed r a p id l y  w i th in  2 to  3 m in u te s  
w ith o u t any  i n t e r r u p t i o n  o f  fe e d in g  b e h a v io u r .  Hay was on ad  l i b i tu m  
o f f e r  a s  f o r  E xpt 2 .1  and t o t a l  f a e c a l  c o l l e c t i o n s  w ere o b ta in e d  from  
th e  ewes betw een 8 to  14  d a y s^ fo llo w in g  a  7 -d ay  in t r o d u c to r y  p e r io d .
Ex p e r im en t 2 .3 .  Eives r e c e iv in g  a b a r le y - v e g e ta b le  p r o t e i n  c o n c e n tr a te  in  
tro u g h s
The same e x p e r im e n ta l p ro c e d u re  was con d u c ted  a s  i n  E xpt 2 .2  
e x c e p t t h a t  an e q u iv a le n t  amount o f  DM i n  th e  form  o f  a  b a r le y - v e g e ta b le  
p r o t e i n  c o n c e n tr a te  p e l l e t  ( l4 3  g CP, 33 g Ash, 64 g CF, 16 g EE and 
742 g NFE/kg dm) was g iv e n  in s t e a d  o f  th e  b roken  fe e d b lo c k  m a t e r i a l .  
Chromic o x id e  (2*77 g /k g  DM) was in c lu d e d  i n  th e  p e l l e t s .  I t  was 
o r i g i n a l l y  in te n d e d  to  g iv e  2 l e v e l s  o f  th e  c o n c e n tra te ,c o m m e n su ra te  w ith  
th e  mean DM in ta k e s  from  th e  i n t a c t  f e e d b lo c k s .  These w ere 0*83 kg DM 
and 0 '2 3  kg DM /head/day f o r  g roups A and I r r e s p e c t i v e l y .  However 
d ig e s t i v e  d is tu r b a n c e s  w ere p ro d u ced  in  s e v e r a l  group  A ewes and th e s e  
had to  be removed from  th e  e x p e r im e n t, and t h e  0«83 kg DM a l l o c a t i o n  
was d is c o n t in u e d .  A f te r  th e  p e r io d  when 0*23 kg was g iv e n  th e  group  B 
ewes w ere g iv e n  0*30 kg D M /head/day to  e s t im a te  th e  i n d i v id u a l  v a r i a t i o n  
i n  in t a k e  a t  a  h ig h e r  l e v e l  o f  c o n c e n tr a te  a l l o c a t i o n .
E xp erim en t 2 .4 ,  Ewes r e c e iv in g  fe e d b lo c k s  in  n o n -c o m p e tit iv e  s i t u a t i o n s
In  Expt 2 .4  b o th  g ro u p s o f  ewes w ere i n d i v id u a l ly  penned ( 2 m x  
1*3 m) f o r  14 d a y s . Hay and w a te r  f e e d e r s  w ere s i t u a t e d  a t  th e  f r o n t  
o f  th e  pen ^vith h a lv e d  fe e d b lo c k s  s i t e d  a t  th e  r e a r .  The ewes w ere 
g iv e n  W 29l(74) (g ro u p  A) and  W 290(74) (g roup  B ). Chopped hay o f  s im i l a r  
c o m p o sitio n  to  t h a t  g iv e n  i n  th e  p rev j.o u s  ex p e rim en ts  was on o f f e r  ad  
l i b i tu m .  The am ount consumed p e r  ewe was re c o rd e d  betw een days 8 to  14 . 
I n d iv id u a l  consum ption o f  w a te r  was re c o rd e d  o v e r th e  same p e z 'io d . The 
h a lv e d  fe e d b lo c k s  w ere w eighed d a i l y  and re p la c e d  when l e s s  th a n  1 kg
8 4 .
o f  f r e s h  m a te r i a l  rem a in ed . A t o t a l  f a e c a l  c o l l e c t i o n  was made over, 
th e  f i n a l  4 days o f  th e  e x p e rim e n t. Thus th e  e s t im a te d  fe e d b lo c k , hay  
and t o t a l  DM in ta k e  o b ta in e d  by b o th  w eigh ing  and f a e c a l  sam p ling  co u ld  
be compared f o r  in d i v id u a l  s h e e p .
D e n ta l s t a t u s  o f  ewes
A re a s s e s sm e n t o f  d e n ta l  s t a t u s  o f  th e  ewes was co n d u c ted  upon 
c o m p le tio n  o f  th e  e x p e r im e n ts .  Tlie ewes w ere s u b je c t iv e ly  a s s ig n e d  
to  3 d e n ta l  c a te g o r ie s  (A to  E) w here c a te g o ry  A sheep  p o s s e s s e d  a f u l l  
complement o f  perm anent i n c i s o r  t e e t h  i n  re a s o n a b le  c o n d i t io n  and 
c a te g o ry  E ewes showed advance s ig n s  o f  d e n ta l  d e p r e c ia t i o n ,  
c h a r a c te r i s e d  by th e  ab sen ce  o f  c r i t i c a l l y  p o s i t io n e d  i n c i s o r  t e e t h ,  
gum e ro s io n  and gap d ev e lo p m en t. C a te g o r ie s  B, G and D w ere in te r m e d ia te  
in  n a tu r e  w ith  B s l i g h t l y  w orse th a n  A b u t s t i l l  c o n s id e re d  o f  l i t t l e  
h a n d ic a p . Categoi-y D vra,s s l i g h t l y  b e t t e r  th a n  E w h i l s t  sheep i n  
c a te g o ry  C w ere ad ju d g ed  to  p o s s e s s  t e e t h  shov/ing s ig n s  o f  a v e ra g e  
d e p r e c ia t io n  f o r  th e s e  ew es.
C om putation  o f  th e  d a ta
In  a l l  ex p e rim e n ts  th e  in d i v id u a l  in ta k e s  o f  fe e d b lo c k  o r  
c o n c e n tr a te  w ere c a lc u la te d  from  th e  t o t a l  f a e c a l  chrom ic o x id e  o u tp u t  
p e r  ewe o v e r  th e  v a r io u s  c o l l e c t i o n  p e r io d s .  The DM d i g e s t i b i l i t i e s  o f  
th e  c o n c e n tr a te s  (8 1 * 0 ^ ), hay (31*6^) and  fe e d b lo c k s  (6 3 * 3 / and 38‘ 7^ 
f o r  W290(74) and ¥ 2 9 l( ? 4 )  r e s p e c t i v e l y )  w ere s e p a r a t e ly  e v a lu a te d  u s in g  
g ro u p s each  o f  4 m a tu re  G rey face  w e th e rs  in  m e tab o lism  c a g e s . The 
te c h n iq u e  used  f o r  th e  fe e d b lo c k  i s  d e s c r ib e d  on page 73 • An 
ap p ro x ijn a te  e s t im a t io n  o f  i n d i v id u a l  v o lu n ta ry  hay in ta k e s  by th e  sheep 
was made by a p p o r t io n in g  f a e c e s  a c c o rd in g  to  th e  i n d i g e s t i b i l i t y  
c o e f f i c i e n t s  o f  th e  fe e d b lo c k  o r  c o n c e n tr a te  d i e t a r y  component and th e  
re in a in in g  f a e c a l  DM was a t t r i b u t e d  to  th e  hay in t a k e .  T h is  e s t im a t io n  
assujTies no a s s o c i a t i v e  i n t e r a c t i o n  betw een th e  d i e t a r y  c o n s t i t u e n t s ,
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p a r t i c u l a r l y  a  p o s s ib le  im provem ent i n  hay d i g e s t i b i l i t y  when 
su p p le m e n ta ry  n i t r o g e n  i s  g iv e n . In  an  a t te m p t to  q u a n t i f y  any 
i n t e r a c t i o n ,  a  d i g e s t i b i l i t y  t r a i l  was c a r r i e d  o u t  u s in g  12 m a tu re  
w e th e rs  g iv e n  d i e t s  c o n ta in in g  w id e ly  d i f f e r i n g  p r o p o r t io n s  o f  hay  and 
c o n c e n t r a te .  When 623 g DM o f  hay was gi,ven w ith  236 g DM o f  
c o n c e n tr a te  (a  r a t i o  o f  2*4 : 1 ) th e  mean DM d i g e s t i b i l i t y  o f  th e  hay 
in c r e a s e d  from  31*6 to  34*2^. When 268 g hay  DM p lu s  398 g c o n c e n tr a te  
DM ( a  r a t i o  o f  1 : 2*2) th e  DM d i g e s t i b i l i t y  o f  th e  hay in c r e a s e d  
s i g n i f i c a n t l y  (P <  0*03) to  62*2^.
R e s u l ts
E xperim en t 2 .1
I n  E xpt 2 .1  th e  mean d a i l y  in t a k e  o f  b o th  fe e d b lo c k s  in c r e a s e d  
g r a d u a l ly  o v e r th e  i n i t i a l  3 3 -d ay  p e r io d .  The o v e r a l l  ( i . e .  33 d ay s)  
mean DM in ta k e s  o f  W 290(74) and W 29l(74) w ere 834 34  and  253 1" 19 g
f o r  group A and B, r e s p e c t i v e l y .  Group B ewes consumed s i g n i f i c a n t l y  
(P < 0 « 0 1 )  more hay  (1224 t  34  g ) th a n  group A ewes ( l0 3 4  -  31 g)*
A f te r  th e  b lo c k s  w ere changed o v e r th e  in t a k e  o f  W 29l(74) by 
g roup A ewes (327 t  30 g ) was s i g n i f i c a n t l y  ( P < 0 * 0 l )  g r e a t e r  th a n  th e  
i n t a k e  a t t a i n e d  by group  B ewes f o r  th e  same b lo c k  ( l2 9  1" 20 g ) o v e r  a  
s im i l a r  i n i t i a l  14 -day  p e r io d .  I t  was a l s o  i n  e x c e ss  o f  th e  mean 
consum ption  o f  W 29l(74) by g roup B ewes o v e r  th e  t o t a l  3 3 -d ay  p e r io d .  
However th e  in t a k e  o f  W290(74) by group B ewes (623 Î  43 g ) o v e r 14 
d ays was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  o f  group A (682 t  50 g ) 
o v e r  t h e i r  i n i t i a l  p e r io d  o f  a c c e s s  t o  th e  b lo c k . The hay  DM in t a k e s  
f o r  g ro u p s A and B a f t e r  th e  change o v e r  w ere n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (1097 t  31 and 1003 t  26 r e s p e c t i v e l y ) .
T ab le  9 c o n ta in s  d e t a i l s  o f  t h e  i n d i v id u a l  v a r i a t i o n  in  
v o lu n ta ry  in t a k e  o f  fe e d b lo c k s ,  hay  and t o t a l  DM f o r  th e  ewes i n  
Expt 2 ,1 .  The CV f o r  th e  v o lu n ta ry  in t a k e  o f  W290(74) and W 29l(74) 
f o r  group A ewes te n d e d  to  be red u ce d  when a 7 -d ay  c o l l e c t i o n  was u s e d .
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However, th e  CV was g r e a t e r  f o r  g roup  B ewes when g iv e n  th e  h a rd e r  
¥ 291 ( 7 4 ) b lo c k  o v e r  a 7 -d a y  c o l le c t io n *  I f  th e  CV d e r iv e d  from  a  7 -d ay  
c o l l e c t i o n  i s  re a s o n a b ly  assum ed to  r e f l e c t  a more a c c u r a te  i n d i c a t i o n  
o f  b lo c k  in ta k e  v a r i a t i o n ,  two t r e n d s  become a p p a re n t .  One i s  th e  
g r e a t e r  CV f o r  b o th  group  A and  B sheep  on th e  h a rd e r  ¥ 2 9 1 (7 4 ) fe e d b lo c k . 
The CV was s ig n i f i ,c a n t ly  (P < O .O l)  lo w er (2 3 * 7 /)  o v e r  day s  8 to  14 f o r  
group A ewes on ¥ 2 9 0 (7 4 ) com pared w ith  group B ewes g iv e n  ¥ 2 9 1 (7 4 )^
(CV = 67•if-)* Over th e  c o r re sp o n d in g  4 -d ay  c o l l e c t i o n s  th e  d i f f e r e n c e  
i n  v a r i a t i o n  was a l s o  s i g n i f i c a n t  (P < 0 .0 5 ) .  The second  f e a tu r e  o f  
i n t e r e s t  i s  th e  g r e a t e r  CV f o r  fe e d b lo c k  in ta k e  e x h ib i te d  by group B 
ewes o v e r  g roup A ewes i r r e s p e c t i v e  o f  f e e d b lo c k - ty p e .  The e x p re s s io n  
o f  fe e d b lo c k  in ta k e s  i n  te rm s o f  u n i t  sheep  l i v e  w e ig h t d id  n o t remove 
any  o f  th e  v a r i a t i o n  in h e r e n t  i n  th e  g roups and i n  some c a se s  i n  f a c t  
in c re a s e d  v a r i a t i o n .
The CV f o r  th e  e s t im a te d  hay in ta k e s  w ere in  m ost c a se s  c o n s id e ra b ly  
l e s s  th a n  th o s e  f o r  fe e d b lo c k  in t a k e ,  p a r t i c u l a r l y  f o r  th e  h a rd e r  
¥ 291 ( 7 4 ) fe e d b lo c k ; ivrith group A ewes ( 4 - day c o l l e c t i o n )  th e  CV f o r  hay 
in t a k e  ( 2 0 / )  was h a l f  t h a t  f o r  b lo c k  in ta k e  ( 48/ ) ,  T here w ere no 
s i g n i f i c a n t  d i f f e r e n c e s  in  e s t im a te d  hay DM in t a k e  d u r in g  th e  c o l l e c t i o n  
p e r io d s ,  ¥hen th e  hay  in ta k e s  w ere e x p re s se d  in  te rm s o f  u n i t  sheep  
l i v e  w e ig h t , th e  mean CV f o r  a l l  12 c o l l e c t i o n s  was 2 2 ,8 /  w hich vas 
s i g n i f i c a n t l y  lo w er (P < 0 .0 3 ) ,  th a n  when hay in ta k e  v a r i a t i o n  vas 
e x p re s s e d  in  a b s o lu te  te rm s (mean CV =  2 6 ,3 / ) .  T here  were no 
s i g n i f i c a n t  c o r r e l a t i o n s  betw een h ay  and  fe e d b lo c k  in t a k e s .  T o ta l  DM 
in t a k e s  w ere s i g n i f i c a n t l y  h ig h e r  (P <  0 ,0 0 1 )  f o r  group A ewes g iv e n  
th e  s o f t e r  Vf290(74) fe e d b lo c k  th a n  f o r  group B ev/es g iv e n  th e  h a rd e r  
¥ 291 ( 7 4 ) f e e d b lo c k , r e f l e c t i n g  th e  d i f f e r e n c e s  in  fe e d b lo c k  consum ption . 
The CV f o r  t o t a l  DM in t a k e  was i n  n e a r ly  e v e ry  c o l l e c t i o n  below  t h a t  f o r  
hay  i n t a k e .
T a b le  10  g i v e s  t h e  r e s u l t s  o f  t h e  b e h a v i o u r a l  s t u d i e s  c o n d u c te d  i n
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T a b le  1 0 .  B e h a v i o u r a l  s t u d y  o f  h o u s e d  s h e e n  g iv e n  f e e d b l o c k s
Mean I 6 sh e e p /g ro u p
Time la p s e  p h o to g rap h y  
F eed b lo ck
S o f te r
W 290(74)
H arder
¥291(74) SED L ev e l o f
V i s i t s /d a y 3 7 (2 3 .7 ) '’' 1 9 (5 6 ,0 ) 3 ,5
V is i t s /d a y  >  68 s e c s 2 5 (2 7 .0 ) 1 0 (6 4 ,1 ) 2 ,3
Time a t  b lo c k  m in s /d ay 175 ( 3 0 . 6 ) 52 ( 61 , 6 ) 1 5 ,6 ■JHo'J-
Mean d u r a t io n  o f  a  v i s i t  
(m in s) 4 . 9 ( 3 1 . 9 ) 2 , 6 ( 2 2 , 2 ) 0 ,3 7
V o lu n ta ry  fe e d b lo c k  
in ta k e  g D M /vi,sit 1 5 . 3 ( 1 9 . 6 ) 5 . 1 ( 4 9 , 1 ) 0 ,9 8
V o lu n ta ry  fe e d b lo c k  
in t a k e  g D M /v is its  
>  68 s e c s 2 3 . 1 ( 19 . 3 ) 1 1 ,0 (6 5 ,8 ) 2 .1 3 -x-xx-
R ate  o f  fe e d b lo c k  in t a k e  
g DM/min 3 . 3 ( 2 7 . 0 ) 2 ,0 (5 9 .2 ) 0 .3 7 -;p/r
/ o f  a  24 h r  p e r io d  a t  
fe e d b lo c k 1 2 . 2 ( 3 0 . 9 ) 3 .6 ( 6 1 ,6 ) 1 .0 0
M anual o b s e rv a t io n s  
/  o f  a  2 4 "h r p e r io d  a t  
fe e d b lo c k  24OO-O6OO 14 .1
0600-1200 1 3 ,3
1200-1800 15 c l
I 8OO-24OO 7 .8
O v e ra l l  Mean 1 2 ,6
/  o f  a 2 4 -h r  p e r io d  a t  hay 
f e e d e r  2400-0600 6 .3
0600-1200 3 3 .9
1200-1800 2 4 .2
I 8OO-24OO 2 2 ,4
O v e ra l l  Mean 2 1 .7
/  o f  a  2 4 "h r p e r io d  ly in g
2400-0600  -  68.7 
0600-1200 39.7
1200-1800 3 9 .4
1800-2400  6 3 .4
O v e ra l l  Mean ’ 52 ,8
CV/
6.0
8 .9
5 .2
1,8
5 .5
11.2
3 1 .2
2 7 .1
3 4 .1
25 .9
7 5 .5
4 7 .9  
44 o 4
5 2 .4
5 5 .0
0 .2 5
1 .0 9
NS
F i g . 2 Expt 2 .1  The t y p i c a l  b e h a v io u ra l  p a t t e r n  o f  two g ro u p s each o f  
16 sheep  consum ing e i t h e r  s o f t  (W 290(74)) o r  h a rd e r  (¥ 2 9 1 (7 4 ))  
fe e d b lo c k s  in d o o rs  d u r in g  a  2 4 -h r  p e r io d .  Hay was in t ro d u c e d  a t  0 8 .0 0  
and 1 6 .0 0  h r  each day .
N o s  O F  S H E E P  
C O N S U M I N G  BLOCK
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E xpt 2 .1*  B ecause o f  th e  v a s t  am ount o f  d a ta  g e n e ra te d  by th e  tione 
la p s e  p h o to g rap h y  s tu d i e s  and t h e  tim e  r e q u ir e d  t o  a n a ly s e  th i .s ,  o n ly  
one f i lm  was a n a ly s e d  in  f u l l .  The r e s u l t s  o f  a  t j q j i c a l  24“h r  p e r io d  
a r e  g iv e n  in  T ab le  10 . The ewes g iv e n  th e  s o f t e r  ¥ 2 9 0 (7 4 ) fe e d b lo c k  
made 2 x  th e  number o f  v i s i t s ,  s ta y e d  2 x  lo n g e r  and  consumed fe e d b lo c k  
n e a r ly  2 x  a s  r a p id ly  a s  t h e  ewes g iv e n  th e  h a rd e r  ¥ 2 9 1 (7 4 ) fe e d b lo c k . 
The v o lu n ta ry  in ta k e  o f  th e  ¥ 2 9 0 (7 4 ) p e r  v i s i t  was 3 x  t h a t  f o r  th e  
¥ 2 9 1 (7 4 ) fe e d b lo c k . Most o f  th e  v i s i t s  to  th e  h a rd e r  ¥291 (74 ) 
fe e d b lo c k  {^0%) w ere u n d er 1 m inu te , com pared \d .th  33^  f o r  th e  s o f t e r  
¥290(74)y w h i l s t  o n ly  4^ w ere i n  e x c e ss  o f  8 m in u te s  i n  d u r a t io n  
com pared w ith  20^ f o r  ¥290(74)=  The p e rc e n ta g e  o f  any 24'"-hr p e r io d  
s p e n t a t  th e  fe e d b lo c k s , a s  c a l c u la te d  f o r  th e  tim e  l a p s e  p h o to g rap h y  
s tu d ie s  ( 1 2 '2  and 3*6 f o r  ¥ 2 9 0 (7 4 ) and ¥291(74), r e s p e c t iv e l y )  a g re e d  
c lo s e ly  w ith  th e  r e s u l t s  from  th e  m anual o b s e rv a t io n  .s tu d y .  Ewes g iv e n  
th e  h a r d e r  ¥ 2 9 1 (7 4 ) fe e d b lo c k  s p e n t s i g n i f i c a n t l y  (P < 0 ® 0 l)  more tiLme a t  
th e  hay f e e d e r  w hich i s  c o n s i s t e n t  w ith  t h e i r  s i g n i f i c a n t l y  h ig h e r  hay  
in t a k e  d u r in g  th e  Ex%:t 2 ,1 .  Hie d i s t r i b u t i o n  o f  v i s i t s  to  th e  
r e s p e c t iv e  fe e d b lo c k s , hay f e e d e r  and  tim e  s p e n t ly in g  down th ro u g h o u t 
a  24”h r  p e r io d  a r e  p r e s e n te d  g r a p h ic a l l y  in  F i g . 2 .
The c o r r e l a t i o n  betw een  tim e  s p e n t a t  th e  b lo c k  and number o f  
v i s i t s / d a y  was h ig h ly  s i g n i f i c a n t  ( P < 0*001) f o r  th e  h a rd e r  ¥ 2 91 (74 ) 
fe e d b lo c k  b u t n o t  s i g n i f i c a n t  f o r  ¥290(74 )»  The v o lu n ta ry  in t a k e  o f  
s o f t e r  ¥290 ( 7 4 ) f e e d b lo c k  was s i g n i f i c a n t l y  c o r r e l a t e d  ( P < 0 » 0 l )  w ith  
tim e  s p e n t  a t  th e  b lo c k  and number o f  v i s i t s / d a y  ( P < 0 * 0 l )  b u t n o t  
s i g n i f i c a n t l y  c o r r e l a t e d  iv ith  mean d u r a t io n  o f  each  v i s i t .  The 
v o lu n ta ry  in t a k e  o f  th e  h a rd e r  ¥ 2 9 l(7 4 )  was s i g n i f i c a n t l y  c o r r e l a t e d  
( P < 0 * 0 l )  w ith  tim e  s p e n t  a t  th e  b lo c k  and number o f  v i s i t s  (P < 0® 05) 
b u t a g a in  n o t  w ith  mean d u r a t io n  o f  each  v i s i t .
T here  was c o n s id e ra b ly  more v a r i a t i o n  f o r  g roup B ewes g iv e n  th e  
h a rd e r  ¥ 2 9 1 (7 4 ) b lo c k  i n  a l l  th e  b e h a v io u ra l  p a ra m e te rs  m easured , e x c e p t 
f o r  mean d u ra t io n  o f  each  v i s i t .
90.
Upon co m p le tio n  o f  E xpt 2 ,1  th e  mean l iv e - w e ig h t  g a in s  f o r  th e  
ewes w ere 2*3 and  1*0 kg f o r  g ro u p s  A. and B, r e s p e c t iv e l y .
E x p erim en ts  2 .2 ,  2 ,3  and 2 .4
The mean in ta k e s  o f  fe e d b lo c k , c o n c e n tr a te ,  e s t im a te d  hay and 
t o t a l  DM in ta k e s  and t h e i r  r e s p e c t iv e  c o e f f i c i e n t s  o f  v a r i a t i o n  a r e  g iv e n  
in  T ab le  11, T here was s l i g h t l y  more v a r i a t i o n  in  in ta k e  o f  th e  s o f t e r  
¥290 ( 7 4 ) (CV ~ 29 21 / )  f o r  group A ewes, consum ing th e  fe e d b lo c k  i n
m eal form  g iv e n  in  t ro u g h s ^ th a n  from  th e  i n t a c t  f e e d b lo c k  (E xpt 2 .1  
T ab le  9)»  Wlien group B ewes w ere g iv e n  th e  h a rd e r  ¥291 (7 4 ) in  E>qDt 2 .1  
(T ab le  9 ) th e  mean in t a k e  o f  208 g dm/day p rod u ced  a CV o f  49% b u t when 
th e  fe e d b lo c k  m a te r i a l  was g iv e n  i n  a b roken  form  i n  tro u g h s  (mean in ta k e  
220 g DM/day) th e  r e s u l t i n g  GV was c o n s id e ra b ly  red u ce d  (33% )»
In  E xpt 2 .3  th e  CV f o r  group B ewes consuming a  mean 206 g DM/day 
o f  c o n c e n tr a te s  (33%) was a l s o  considerab iy  belov/ th e  v a lu e  f o r  an 
e q u iv a le n t  amount o f  DM consumed from  th e  h a rd e r  ¥ 2 9 1 (7 4 ) , (49%)» ¥hen  
group B ewes w ere g iv e n  i n t a c t  ¥290 (7 4 ) th e  CV (40%, T ab le  9 )  was 
s im i la r  f o r  an  a p p ro x im a te ly  e q u a l DM in ta k e  (312 v . 440 g ) from  tro u g h  
g iv e n  c o n c e n tra te s  (37% T ab le  1 1 ) ,  T here  was no d i f f e r e n c e  i n  CV (33%) 
f o r  g iv in g  s im i la r  am ounts o f  b roken  ¥ 2 91(74 ) o r  c o n c e n tr a te s  i n  tro u g h s  
(E x p ts  2 ,2  and 2 .3  r e s p e c t i v e l y ) .
In  Expt 2.4j^evjes i n  group A consumed 3*4 x  more o f  th e  h a rd e r  
¥291 ( 7 4 ) when th e  b lo c k s  w ere g iv e n  ij id iv id u a lly ^  th a n  i n  th e  group 
s i t u a t i o n  (663 v . 193 g . T ab le  8 ) i n  E)q)t 2 ,1 .  Group B ewes consumed 
1 ,4  X more o f  th e  s o f t e r  ¥290(74) when in d iv j-d u a l ly  penned  th a n  i n  th e  
group s i t u a t i o n  (T a b le s  9 and l l ) .  T here was now no s i g n i f i c a n t  
d i f f e r e n c e  i n  mean in ta k e  from  th e  two d i f f e r e n t  fe e d b lo c k s  when g iv e n  
to  i n d i v id u a l ly  penned sh e e p . The mean fe e d b lo c k  in ta k e s  d e te rm in e d  by 
d a i ly  w eigh ing  o v e r th e  14“day d u r a t io n  o f  E xpt 2 .4  w ere n o t 
s i g n i f i c a n t l y  d i f f e r e n t  and in d iv id u a l  in ta k e s  c o r r e l a t e d  v e iy  c lo s e ly  
( r  “  0 *9 4 ) w ith  th e  r e s p e c t iv e  v a lu e s  c a lc u la te d  by r e f e r r i n g  to  chrom ic
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oxi.de re c o v e ry  o v e r th e  4"d&y sam p lin g  p e r io d .  The CV f o r  v a r i a t i o n  in  
in ta k e  o f  th e  s o f t e r  W290(74) {5h% T ab le  9 ) in  th e  group s i t u a t i o n  was 
g r e a t e r  th a n  when th e  group  B ewes w ere in d iv id u a lly  g iv e n  fe e d b lo c k s  
(35%)•  There was no d i f f e r e n c e  i n  v a r i a t i o n  fo r  g roup A ewes when th e  
h a rd e r  W 29l(74) fe e d b lo c k  was g iv e n  i n  g roups o r  i n d i v id u a l ly .  The w a te r  
consum ption  f o r  ewes in  g roups A and B was 5*3 -  0*27 and 5*6 t  0*47 
l i t r e s / d a y  fo r  th e  W 29l(74) and W290(74) f e e d b lo c k s ^ r e s p e c t iv e ly » This 
d i f f e r e n c e  was n o t  s i g n i f i c a n t .
The e s t im a te d  hay in t a k e  f o r  E x p ts  2 .2 ,  2 .3  and 2 ,4  te n d e d  to  be 
low er th a n  f o r  E xpt 2 .1 .  In  p a r t i c u l a r  when th e  0*5 k g /h e ad  DM q u a n t i ty  
o f  c o n c e n tr a te  was g iv e n , mean hay  in t a k e s  (662 g DM) d e c l in e d  and CV i n  
hay in ta k e  in c r e a s e d  ( 4 5 ^ ) , to  become g r e a t e r  th a n  th e  CV f o r  c o n c e n tr a te  
in ta k e  (3 7 ^ ) .  In  Expt 2 ,4  th e  e s t im a te d  hay in ta k e  d a ta  a g re e d  c lo s e ly  
w ith  th e  w eighed  in p u ts  o v e r a  7-d a y  p e r io d ,  th e re  was a ls o  a  v e ry  c lo s e  
c o r r e l a t i o n  ( r  ™ 0»76) f o r  in d i v id u a l  hay in ta k e s  com puted by th e  two 
m e th o d s .
D e n ta l s t a t u s
A com parison  o f  th e  in t a k e s  o f  W290(74) and th e  W 29l(74) fe e d b lo c k s  
f o r  ewes w ith  d e n ta l  s t a t u s  i n  c a te g o r ie s  A H- B v ,  D 4- E was c a r r i e d  o u t 
u s in g  th e  in d i v id u a l  in ta k e  d a ta  from  Expt 2 .1 ,  C o l le c t io n  p e r io d s  w ere 
u sed  w here th e  in ta k e s  o f  b o th  A and B ewes w ere a p p ro x im a te ly  s im i la r  
f o r  t h e  r e s p e c t iv e  b lo c k s .  The e f f e c t  o f  d e n ta l  s t a t u s  on th e  consum ption  
o f  th e  tro u g h  g iv e n  su p p lem en ts  i n  E x p ts  2 ,2  and 2 .3  was exam ined . The 
r e s u l t s  o b ta in e d  f o r  th e s e  com parisons a r e  p r e s e n te d  in  T ab le  12 , The 
number o f  ewes i n  c a te g o r ie s  A, B, C, D and E w ere (6 ,  2 , 3 , 2 and  l )  and 
(5 ; 1 , 3 , 2 and 5) f o r  g ro u p s A and B, r e s p e c t iv e l y .
When th e  in t a k e s  o f  th e  h a rd e r  W 29l(74) f o r  c a te g o ry  (A +  B) ewes 
w ere com bined f o r  b o th  g ro u p s o f  sheep  a  s i g n i f i c a n t l y  g r e a t e r  (P <  0*001) 
in ta k e  was re c o rd e d  th a n  f o r  ewes i n  c a te g o r ie s  (D 4- E ) .  For th e  s o f t e r  
W290(74) fe e d b lo c k  th e  d i f f e r e n c e  was s t i l l  s i g n i f i c a n t  (P < 0 * 0 5 )  b u t a t
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T ab le  1 2 . E xo ts  2 , 1 ,  2 , 2  and 2 , 3 .  T he e f f e c t  o f  d e n ta l  s t a t u s  on th e  
in ta k e  o f  fe e d b lo c k s  and supp lem en ts
C ateg o ry  A4-B C atego ry  DfE SED*^ L ev e l o f  s i g
S e l f - f e d
W 29l(74)
No o f  sheep l6 10
Mean in t a k e  g DM/day 262 141 1 0 .4
W290(74)
No o f  sheep 16 10
Mean in t a k e  g DM/day 566 415 6 6 ,6
^11
H and-fed  ( t r o u g h s )
E xpt 2 ,2
B roken W 29l(74)
No o f  sheep 6 7
Mean in ta k e  g DM/day 212 210 NS
E xpt 2 ,3
0 ,2 5  kg conc e n t r â t e s /h e a d
No o f  sheep 6 7
Mean in t a k e  g DM/day 165 232 " NS
0 .5  kg c o n c e n tr a te s /h e a d
No o f  sheep 6 6
Mean in t a k e  g DM/day 450 505 — NS
+
++
S ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  betw een 2 means 
Trough sp ace  a llo w a n c e  41 cm /head
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a lo w er l e v e l .  When th e  ewes w ere g iv e n  tro u g h  su p p lem en ts  i n  E x p ts  2 .2  
and 2c3 th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  im tak e  due to  d e n ta l  
s t a t u s .  In  c o n t r a s t  when c o n c e n tr a te s  w ere g iv e n  i n  E xp t 2 .3  th e r e  was 
a  te n d e n c y  f o r  th e  ewes w ith  th e  i n f e r i o r  d e n ta l  s t a t u s  ( c a t e g o r ie s  D +  E) 
to  consiM e more o f  th e  t o t a l  am ount a v a i l a b l e  ( l2  and 2 5 /  f o r  th e  0^3 and 
0 ,2 5  kg/DM /head a l l o c a t i o n s ,  r e s p e c t iv e l y )  th a n  c a te g o r ie s  A -f- B.
D isc u s s io n
In  th e  co m p u ta tio n  o f  an  e s t im a te d  hay in t a k e  f o r  i n d i v id u a l  ew es, 
any a s s o c i a t i v e  e f f e c t s  betw een  th e  d i e t a r y  com ponents on th e  
d i g e s t i b i l i t y  o f  th e  t o t a l  d i e t  have been  ig n o re d .  I t  i s  a p p r e c ia te d  
t h a t  t h e  f ig u r e s  q u o te d  f o r  hay in t a k e s  may be o n ly  an appI'ox im ation^  
b u t i n  a l l  e x p e rim e n ts  th e  r a t i o  o f  fe e d b lo c k  o r  c o n c e n tra te  in t a k e  to  
hay seldom  exceeded  1 : 1 and was o f te n  much lo w e r . At a  s im i l a r  r a t i o  
o f  c o n c e n tr a te  to  hay in  th e  c a l i b r a t i n g - d i g e s t i b i l i t y  t r i a l ,  th e  
d i g e s t i b i l i t y  o f  th e  hay in c r e a s e d  by o n ly  2*6 p e rc e n ta g e  u n i t s  (from  
51*6 to  5 4 * 2 ), T h e re fo re  even tho u g h  th e  a c t u a l  hay in ta k e  o f  some 
in d iv id u a l s  may be u n d e re s t im a te d ,  i t  i s  d o u b tfu l  i f  t h e  CV f o r  hay 
in t a k e  w ould be m ark ed ly  d i f f e r e n t  from  th e  v a lu e s  o u t l in e d .  The 
r e s u l t s  from  E xp t 2 ,4  when th e  hay in t a k e s  from  in d i v id u a l  sheep  w ere 
a l s o  d e te rm in e d  by w e ig h in g  te n d e d  to  be i n  c lo s e  ag reem en t w ith  th e  
e s t im a te d  v a lu e s  w hich v a l i d a t e s  t h i s  a s su m p tio n .
F o r g ro u p s o f  l6  sheep  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  
c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  i n d i v id u a l  in t a k e  o n ly  o c c u r  when one 
v a r ia n c e  i s  a t  l e a s t  2*4 x  g r e a t e r  th a n  th e  o th e r .  T h is  c r i t e r i o n  vjas 
o n ly  f u l f i l l e d  f o r  ex trem e d i f f e r e n c e s  in  e x p e r im e n ta l c o n d i t io n s  b u t  
i t  i s  not u n re a so n a b le  to  assum e t h a t  l a r g e  d i f f e r e n c e s  i n  v a r i a t i o n  i n  
th e s e  e x p e rim en ts  w ere i n d i c a t i v e  o f  b io l o g ic a l  s ig n i f ic a n c e *
In  Expt 2 ,1  th e  g r e a t e r  in d i v id u a l  v a r i a t i o n  f o r  in t a k e  o f  b o th  
fe e d b lo c k s  e x h ib i te d  by group B ewes was m ost l i k e l y  due to  th e  g r e a t e r  
v a r i a t i o n  i n  d e n ta l  s t a t u s  w i th in  th e  g ro u p . Upon c o m p le tio n  o f  a l l
th e  Expts^ group B c o n ta in e d  ewes w ith  d e n ta l  c a te g o ry  D o r  E ( o f  1 9 /  
in  group A)  ^ c o n s e q u e n tly  th e y  w ere l e s s  w e l l  equ ipped  to  remove m a te r i a l  
from  th e  i n t a c t  f e e d b lo c k s ,  e s p e c i a l l y  th e  h a rd e r  W29 l ( ? 4 ) .  I t  was 
n o t ic e d  t h a t  th e  sheep  w ith  sound t e e t h  removed b lo c k  by a  gau g in g  
a c t io n  em ploying th e  c e n t r a l  i n c i s o r s .  Ewes w ith  th e s e  t e e t h  a b s e n t  
w ere u n d er a s e v e re  h an d icap  and o f te n  r e s o r t e d  to  th e  l e s s  re w a rd in g  
p ro c e s s  o f  l i c k i n g , i n  te rm s  o f  q u a n t i ty  o f  m t e r i a l  consum ed. As 
in s p e c t io n  o f  d e n ta l  s t a t u s  o n ly  o c c u r re d  a t  th e  s t a r t  and  upon 
co m p le tio n  o f  th e  e x p e r im e n ts , any d i f f e r e n c e  in  r a t e  o f  d e n ta l  
d e p r e c ia t io n  betw een th e  two g ro u p s ,,a s s o c ia te d  ibLth th e  r e s p e c t iv e  
fe e d b lo c k s  g iv e n , c o u ld  n o t  be a s c e r t a in e d .  The d e n t a l  s t a t u s  o f  sheep  
i s  dynam ic, i n  t h a t  f o r  b o th  young and m a tu re  i n d iv id u a l s  th e  s t a t u s  i s  
im p e rc e p t ib ly  b u t c o n t in u a l ly  c h a n g in g . The e f f e c t  o f  p ro lo n g e d  b lo c k  
fe e d in g  on th e  e x te n t  and r a t e  o f  d e n t a l  d e p r e c ia t io n  i s  t h e r e f o r e  w orthy  
o f  f u r t h e r  study^ i n  view  o f  th e  econom ic im p o rta n c e  a t ta c h e d  to  a  f u l l  
com plim ent o f  t e e t h  and  r e p r o d u c t iv e  l i f e  o f  th e  ewe.
In  E xpt 2 .1  th e  v a r i a t i o n  i n  fe e d b lo c k  in ta k e  was alw ays g r e a t e r  
f o r  th e  h a rd e r  W 29l(74) b lo c k  i r r e s p e c t i v e  o f  g roup o f  ewes. T h is  i s  
c o n s i s t e n t  w ith  th e  h y p o th e s is  t h a t  d e n ta l  s t a t u s  was p ro b a b ly  th e  
p r i n c i p a l  d e te rm in a te  o f  th e  e x te n t  o f  in d iv id u a l  v a r i a t i o n  i n  th e s e  
e x p e r im e n ts , th e  h a rd e r  th e  fe e d b lo c k  g iv e n  th e  more im p o r ta n t d en ta .1 
s t a t u s  became to  th e  i n d i v id u a l .
O th e r f a c t o r s  p o s s ib ly  c o n t r ib u t in g  to  th e  g r e a t e r  v a r i a t i o n  on 
th e  h a rd e r  W29 l ( 7 4 ) fe e d b lo c k  a r e  p a l a t a b i l i t y ,  a b s o lu te  l e v e l  o f  in t a k e  
a t t a i n e d  and p a t t e r n  o f  fe e d b lo c k  consu m p tio n . The h a rd n e s s  o f  th e  
fe e d b lo c k s  used  was d e te rm in e d  by th e  amount o f  c a lc iu m  c a rb o n a te  a n d /o r  
h y d ro x id e  in e lu d e d 5w hich r e a c t s  vmth th e  m o la sse s  i n  th e  b lo c k  to  form  
ca lc iu m  s u c r o s a te .  C alcium  s u c r o s a te  i s  a v e ry  b i t t e r - t a s t i n g  
chem ica l and i s  p r e s e n t  i n  th e  h a rd e r  W29 l ( 7 4 ) b lo c k  i n  a  h ig h e r  
p r o p o r t io n  th a n  th e  s o f t e r  W 290(74) fe e d b lo c k . I t  i s  p o s s ib le  t h a t  some
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ewes m igh t have been d is s u a d e d  to  consume th e  W29l(V4) b lo c k  b ecau se  o f  
t h i s  g r e a t e r  u n p a la ta b le  ca lc iu m  s u c ro s a te  in c lu s io n .
The h ig h e r  a b s o lu te  l e v e l  o f  in ta k e  a t t a i n e d  f o r  th e  s o f t e r  W290(74) 
fe e d b lo c k  m ight a l s o  have c o n t r ib u te d  to  th e  lo w er CV, I f  i t  i s  assum ed 
t h a t  th e  e x p e r im e n ta l e r r o r  a r i s i n g  from  f a e c a l  s a m p lin g , chroid.um 
d e te rm in a t io n  and lo s s e s  o f  f a e c e s  i s  l i k e l y  to  be i n  th e  same o rd e r  f o r  
b o th  b lo c k s ,  such  e r r o r s  w ould c o n t r ib u te  a g r e a t e r  p r o p o r t io n  o f  th e  
group mean f o r  th e  h a rd e r  W 29l(74) b lo c k  and r e s u l t  i n  a h ig h e r  CV f o r  
in d iv id u a l  in t>ake. Vdien group A ewes vrere g iv e n  th e  W 29l(74) b lo c k  a f t e r  
th e  changeover i n  E x p t 2 .1  th e y  consumed s i g n i f i c a n t l y  more) b lo c k  th a n  
group B ewes*. T h is  d i f f e r e n c e  i n  a b s o lu te  l e v e l  o f  b lo c k  m a te r i a l  
consumed p ro b a b ly  r e f l e c t e d  d i f f e r e n c e s  in  d e n ta l  s t a t u s  betw een th e  two 
groups b u t  th e  in f lu e n c e  o f  a  t r a i n i n g  e f f e c t  co u ld  n o t  be r u le d  o u t .
Group A ewes m igh t have been  encou raged  to  spend more tim e  a t  th e  b lo c k  
th a n  group B ewes b e c a u se  o f  t h e i r  p re v io u s  h i s t o r y  o f  consum ing th e  
s o f t e r  W290(74)*
In  Expt 2 .1 ,  i t  was soon a p p a re n t  t h a t  th e  t o t a l  group in t a k e  o f  
b o th  fe e d b lo c k s  was m ark ed ly  e le v a te d  o v e r th e  i n i t i a l  24- h r  p e r io d  o f  
a c c e s s  to  new b lo c k s .  As th e  l e v e l  o f  in ta k e  on th e  s o f t e r  W 290(74) 
b lo c k  n e c e s s i t a t e d  d a i ly  in t r o d u c t i o n  o f  a new b lo c k , any v a r i a t i o n  due 
to  t h i s  ' f i r s t - d a y *  e f f e c t  was m in im ise d . However fox* th e  h a rd e r  
W 29l(74) b lo c k  th e  t o t a l  g roup in t a k e  was on occa ,s ions  t h r e e  tim e s  
g r e a t e r  on th e  day  a  new b lo c k  was in t ro d u c e d  th a n  th e  o v e ra l l ,  mean 
i n t a k e . The cau se  o f  t h i s  e l e v a te d  i n i t i a l  2 4 -h r  in t a k e  cou ld  be due 
to  th e  c le a n ,  d ry  n a tu r e  o f  th e  b lo c k  p ro v in g  more p a l a t a b l e  to  th e  
ewes b u t  more l i k e l y  th e  in c r e a s e  was m a in ly  a t t r i b u t a b l e  to  th e  
f r a g i l e  c o m e r  m a te r i a l  o f  th e  r e c t a n g u la r  b lo c k  w hich was v e ry  e a sy  to  
b re a k  o f f .  T h is  may have been  e x a c e rb a te d  by Uie u p ta k e  o f  m o is tu re  
d u r in g  s to r a g e  (The W in taw e ll ( l9 7 4 )  fe e d b lo c k s  w ere p ack ag ed  in  
c a rd b o a rd  c o n ta in e r s  w hich f a i l e d  to  e l in i in a te  m o is tu re  p e n e t r a t i o n ) .  
T h e re fo re  th e  p a t t e r n  o f  t h i s  i n t e r - d a y  v a r i a t i o n  in  t o t a l  q u a n t i ty  o f
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fe e d b lo c k  consumed by th e  sheep  g roups i s  a n o th e r  p o s s ib le  c o n t r ib u to r y  
f a c t o r  to  th e  m agn itude  o f  i n d i v id u a l  v a r i a t i o n  f o r  th e  r e s p e c t iv e  
b lo c k s  e
The r e s u l t s  o f  th e  b e h a v io u ra l  s tu d y  in d i c a te d  t h a t  th e r e  was no 
d is c e r n a b le  p eak  a t te n d a n c e  p e r io d  a t  th e  fe e d b lo c k s  and th e  
d i s t r i b u t i o n  o f  v i s i t s  and tim e  s p e n t a t  th e  b lo c k s  f o r  th e s e  ewes was 
r e l a t i v e l y  u n ifo rm  o v e r  a  2 4 -h r  p e r io d .  The tim e  o f  l e a s t  a c t i v i t y  was 
betw een 2 4 .0 0  to  0 6 ,0 0  h r s  when a p p ro x im a te ly  70/  o f  th e  tim e  was s p e n t 
l y i n g .  Ewes g iv e n  th e  h a rd e r  W 29l(74) fe e d b lo c k  made few er v i s i t s  to  
th e  b lo c k , i n t e r r u p t e d  each  v i s i t  e a r l i e r  and consumed b lo c k  m a te r i a l  
more s lo w ly  th a n  t h e i r  c o u n te r  p a r t s  on th e  s o f t e r  W 290(?4) b lo c k .
T here was a  te n d e n c y  f o r  some ewes w ith  an i n f e r i o r  d e n ta l  s t a t u s  to  
v i s i t  th e  b lo c k s  l e s s  f r e q u e n t ly  th a n  ewes w ith  a  f u l l  com plem ent o f  
i n c i s o r  t e e t h .  The minumum number o f  v i s i t s  w ere 3 and 2 l /d a y  f o r  h a rd e r  
W291(74) and s o f t e r  W 290(74) r e s p e c t iv e l y .  O th er sheep  p a r t i c u l a r l y  on 
th e  W290(74) b lo c k  made o v e r 50 v i s i t s / d a y  to  th e  b lo c k .  I t  i s  d i f f i c u l t  
to  enVI.sage an  e x te n s iv e  s i t u a t i o n  w here i t  would be p o s s ib le  f o r  sheep  
to  v i s i t  b lo c k s  a t  a n y th in g  a p p ro a c h in g  th e  .frequency  o f  th e  indoor, 
s i t u a t i o n  d e s c r ib e d  h e r e .  However i t  i s  p o s s ib le  t h a t  f re q u e n c y  o f  
b lo c k  consum ption  may be ad v an tag eo u s  i n  some c irc u m s ta n c e s  e s p e c i a l l y  
w here th e  u t i l i s a t i o n  o f  u re a  i s  c o n ce rn ed . Group B ewes consumed an 
e s t im a te d  1 1 /  more hay when g iv e n  th e  h a rd e r  i n t a c t  W 29l(74) b lo c k s  
(E xp t 2 ,1 )  w here f r e q u e n t  in t a k e  o f  u re a  o c c u r r e d , th a n  i n  Expt 2 ,2  when 
an e q u iv a le n t ' am ount o f  b lo c k  was g iv e n  once d a i l y .  T h is  d i f f e r e n c e  
i^ras n o t s i g n i f i c a n t .  T h is  s t im u la te d  an  i n v e s t i g a t i o n  o f  th e  e f f e c t  o f  
g iv in g  u re a  once o r  f r e q u e n t ly  th ro u g h o u t a  2 4 -h r  p e r io d  on th e  
u t i l i . s a t i o n  o f  cereal/s tra -w ^  d i e t s  f o r  b e e f  c a t t l e  (E .x p t3 2 ,3 ),
In  E xpt 2 ,2 ,  th e  com parison  betw een g iv in g  e q u iv a le n t  q u a n t i t i e s  
o f  th e  s o f t e r  W290(74) i n  tro u g h s  (o n ce  d a i ly )  com m ensurate v d th  th e  
consum ption  from  in - ta c t  b lo c k s  (E x p t 2 ,1  ) was confovmded by th e
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i n a b i l i t j '  o f  th e  ewes t o  consume th e  m a te r i a l  gi.ven i n  tro u g h s  w ith o u t 
i n t e r r u p t i n g  t h e i r  f e e d in g  a c t i v i t y .  The two t r e a tm e n ts  w ere th e r e f o r e  
v e ry  s i m i l a r  in  t h a t  th e  b lo c k  m a te r i a l  was on ' f r e e - a c c e s s '  o f f e r ,  a l b e i t  
i n  a  d i f f e r e n t  p h y s ic a l  fo rm . The f a i l u r e  o f  sheep  to  consume la r g e  
q u a n t i t i e s  o f  b roken  b lo c k  ra p id ly ^ e m p h a s is e s  th e  u n p a la ta b le  n a tu r e  o f  
th e  m a te r i a l  end s u g g e s ts  t h a t  p h y s ic a l  h a rd n e ss  p e r  se  i s  n o t  v /h o lly  
r e s p o n s ib le  f o r  r e s t r i c t i n g  in t a k e  o f  t h i s  p a r t i c u l a r  b lo c k  ty p e .  The 
u re a  in c lu s io n  i n  th e  b lo c k  may be i n h i b i t i n g  th e  consum ption  o f  th e  
ewes b u t much more l i k e l y  i s  th e  b i t t e r - t a s t i n g  ca lc iu m  s u c r o s a te  w hich 
a l s o  fu n c t io n s  to  im p a r t b lo c k  h a rd n e s s .
The t o t a l  q u a n t i ty  o f  th e  h a rd e r  ¥ 2 9 1 (7 4 ) b lo c k  m a te r i a l  g iv e n  i n  
tro u g h s  (E xpt 2 .2 )  was consumed r a p id l y  w ith o u t i n t e r r u p t i o n  and 
to g e th e r  v /ith  th e  r e s u l t s  o f  g iv in g  c o n c e n tra te s  i n  tro u g h s  (E xp t 2 .3 )^  
i t  a p p e a rs  f o r  th e  ewes i n  th e s e  e x p e r im e n ts , in d i v id u a l  v a r i a t i o n  v/as 
g r e a t e r  when su p p lem en ta ry  n u t r i e n t s  w ere g iv e n  i n  a  fe e d b lo c k  form  
(¥ 291 ( 7 4 ) )  com pared to  g iv in g  e q u iv a le n t  am ounts o f  DM in  t r o u g h s .  The 
tro u g h  sp ace  a llo w a n c e s  w ere am ple b u t n o t  o v e r g e n e ro u s ,b e in g  c o n s i s t e n t  
vnLth th o s e  u sed  i n  p r a c t i c e .  The in d iv id u a l  v a r i a t i o n  f o r  ewes consum ing 
a  h ig h  in ta k e  o f  f e e d b lo c k , (¥ 2 9 0 (7 4 ) l/w a s  o f  th e  same o r d e r ,  b u t no lo w e r , 
th a n  th e  v a r i a t i o n  a r i s i n g  from  g iv in g  an  e q u iv a le n t  a l l o c a t i o n  o f  DM a s  
a  c o n c e n tr a te  i n  t r o u g h s .
The e x p re s s io n  o f  fe e d b lo c k  in t a k e s  i n  te rm s o f  u n i t  l i v e  w e ig h t 
in  m ost c a s e s  s l i g h t l y  in c r e a s e d  th e  amount o f  in d i v id u a l  v a r i a t i o n  
%vithin a  g ro u p . The c o n v e rse  o c c u r re d  f o r  th e  c o n c e n tr a te  su p p le m e n ts , 
in  t h a t  th e  h e a v ie r  sheep  consumed s l i g h t l y  g r e a t e r  am ounts o f  th e  DM 
on o f f e r .  The d i f f e r e n c e s  i n  in d i v id u a l  v a r i a t i o n  f o r  th e  same ewes 
betv/een th e  two l e v e l s  o f  c o n c e n tr a te  g iv e n  w ere s m a l l .
The d i f f e r e n c e s  i n  i n d i v id u a l  v a r i a t i o n  f o r  th e  lov/ in ta k e  
¥ 291 ( 7 4 ) fe e d b lo c k  and g iv in g  e q u iv a le n t  am ounts o f  DM i n  tro u g h s  may 
have been in f lu e n c e d  by f a c t o r s  in h e r e n t  i n  th e  p a r t i c u l a r  s u p p le m e n ta t io n
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te c h n iq u e  a s  w e ll  a s  b io ,lo g ic a l, v a r i a t i o n  in h e r e n t  in  th e  sheep  such  a s  
d e n ta l  s t a t u s .  B lock fe e d in g  sy stem s a r e  c h a r a c te r i s e d  by th e  im p re c is e  
and v a r i a b le  t o t a l  d a i ly  in t a k e  f o r  any  group o f  a n im a ls .  I t  i s  th e  
p r a c t i c e  when g i\d n g  c o n c e n tr a te s  to  in t r o d u c e  a  c o n s ta n t  t o t a l  
a l l o c a t i o n  o f  DM f o r  a t  l e a s t  s e v e r a l  days b e fo re  c a r ry in g  o u t a 
r e v i s io n  o f  th e  q u a n t i ty  g iv e n . No such  c o n t r o l  e x e r te d  by th e  
s to c k f e e d e r  e x i s t s  fo r  b lo c k s ,  th e  a n im a ls  p e r  s e  d e te rm in e  th e  t o t a l  
q u a n t i t y  o f m a te r i a l  consumed d a i l y  in  re sp o n se  to  num erous 
e n v iro n m e n ta l in f lu e n c e s  (S e c t io n  2 ) .
In  E xpt 2 .4  when th e  ewes w ere in d i v id u a l ly  penned  th e  p r e v io u s ly  
la r g e  d i f f e r e n c e  in  l e v e l  o f  in ta k e  betw een th e  two fe e d b lo c k s  
d is a p p e a re d , p r i n c i p a l l y  b eca u se  o f  a  c o n s id e ra b le  in c re a s e d  in ta k e  by 
group A ewes g iv e n  th e  h a rd e r  ¥ 2 9 1 (7 4 ) b lo c k . Group B ewes a l s o  had a 
much h ig h e r  in t a k e  o f  th e  s o f t e r  ¥290 (7 4 ) when th e  fe e d b lo c k s  w ere g iv e n  
in d iv id u a l ly ,  com pared w ith  th e  group s i t u a t i o n  in  E>qpt 2 .1 .  The re a s o n s  
f o r  th e  e l im in a t io n  o f  a  s i g n i f i c a n t  d i f f e r e n c e  i n  in t a k e  a t  a  h ig h  
o v e r a l l  l e v e l  o f  consum ption  betw een th e  two b lo c k s  w ere m ost l i k e l y  to  
be due to  th e  in c r e a s e d  s u r f a c e  a r e a  ( p a r t i c u l a r l y  f r a g i l e  c o rn e r s )  made 
a v a i l a b l e  t o  th e  ewes i n  an i n d i v id u a l ly  penned  s i t u a t i o n .  In  E xpt 2 .1  
a g roup o f  16 ewes had a c c e s s  to  th e  s u r f a c e  a r e a  and c o rn e rs  o f  one 
fe e d b lo c k , i n  E xpt 2 .4  each  o f  th e  g ro u p s o f  ewes was g iv e n  th e  s u r f a c e  a r e a  
and c o rn e r s  from  l6  h a lv e d  fe e d b lo c k s ,  v /ith  a  r e s u l t i n g  p r o v is io n  o f  a  
g r e a t e r  q u a n t i ty  o f  e a s i l y  consumed m a te z 'ia l ,
¥hen  th e  ewes w ere i n d i v i d u a l l y  penned i t  was hoped to  e l im in a te  
th e  d o m in a n t-s u b o rd in a te  r e l a t i o n s h i p s  in  th e  group s i t u a t i o n  and 
i d e n t i f y  any re sp o n se  by l e s s  dom inan t a n im a ls  upon rem oval o f  t h i s  
p o t e n t i a l  c o n s t r a i n t  o f  an in c re a s e d  fe e d b lo c k  i n t a k e .  However, no 
such  re s p o n s e  seemed to  e x i s t ,  a s  bo th  g roups o f  ewes in c r e a s e d  t h e i r  
in d iv id u a l  b lo c k  i n t a k e s ,  i n  m ost c a s e s  by a  c o n s ta n t  p r o p o r t io n  o v er 
t h e i r  in t a k e s  i n  E xpt 2 .1 .  T h e re fo re ,  i t  a p p e a rs  t h a t  th e  in f lu e n c e  o f
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d o m in a n t-su b o rd in a te  r e l a t i o n s h i p s  on in d i v id u a l  f e e d b lo c k  in ta k e s  w ere 
o f  l e s s e r  im p o rta n c e  th a n  f a c t o r s  such  a s  th e  boredom, when a n im a ls  a r e  
c lo s e ly  c o n f in e d  o r  more e s p e c i a l l y  th e  q u a n t i ty  o f  e a s i l y  consumed 
fe e d b lo c k  m a te r i a l  from  th e  h ig h e r  r a t i o  o f  fe e d b lo c k s  made a v a i l a b l e  to  
th e  sh e e p .
The c o n d i t io n s  undez* w hich th e  ejq^erim ents d e s c r ib e d  h e re  w ere 
c a r r i e d  o u t a r e  c l e a r l y  n o t  r e p r e s e n t a t i v e  o f  t h e  s i t u a t i o n s  w here m ost 
fe e d b lo c k s  a re  g iv e n  to  sh e e p ^ fo r  s e v e r a l  r e a s o n s .  M ost fe e d b lo c k s  g iver 
to  sheep  seem to  be u sed  i n  e x te n s iv e  h i l l  s i t u a t i o n s ,  w h ile  i n  th e s e  
ex p e rim e n ts  th e  sheep  w ere a].ways n e a r  th e  fe e d b lc o k s . The l e v e l  o f  
fe e d b lo c k  in ta k e  f o r  even th e  h a rd e r  ¥ 2 9 1 (7 4 ) b lo c k s  f a i l e d  to  f u l f i l  
th e  m ain c r i t e r i o n  o f  a  supp lem en t ( < 5 /  o f  th e  t o t a l  d i e t ,  U.K. 
F e r t i l i s e r  and F e e d in g s tu f f  A ct 1976) w h ile  i n  th e  h i l l  s i t u a t i o n  a  much 
lo w er l e v e l  o f  in ta k e  p ro b a b ly  w ould have o c c u r re d . The in f lu e n c e s  o f  
th e  c l im a te ,  h e rb ag e  q u a l i t y  and q u a n t i ty  w ere a l s o  a b s e n t  from  th e s e  
e x p e r im e n ts . T h e re fo re  i t  i s  d i f f i c u l t  to  v i s u a l i s e  c irc u m s ta n c e s  where 
th e  in d i v id u a l  v a r i a t i o n  in  fe e d b lo c k  in ta k e  f o r  im tu re  ewes m igh t be 
low er th a n  re c o rd e d  h e r e .  The in d i v id u a l  v a r i a t i o n  o f  y o u n g er ewes 
p o s s e s s in g  a fu l l ,  complement o f  i n c i s o r  t e e th  i s  ex£imined in  P a r t  B o f  
t h i s  s e c t i o n .
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B The in d i v id u a l  v a r i a t i o n i n volunta~ry food  in ta k e  w i th in  g roups o f  
ewes o f f e r e d  fe e d b lo c k s  o r  c o n c e n tra te s  i n  c o m p e ti t iv e  s i t u a t i o n s  
o u td o o rs
The r e s u l t s  o f  P a r t  A o f  t h i s  s e c t io n  f a i l e d  to  s u p p o r t  th e  
c la im ed  ad v a n ta g e  t h a t  a  more u n ifo rm  ty p e  o f  s u p p le m e n ta tio n  w i l l  o c c u r 
zdien n u t r i e n t s  a r e  made a v a i l a b l e  in  fe e d b lo c k s  th a n  i s  p o s s ib le  w ith  
th e  g iv in g  o f  c o n c e n tr a te s  i n  t r o u g h s .  However, th e  e x p e rim e n ts  r e p o r te d  
w ere co n d u c ted  w ith  m a tu re  ewes and i t  ap p e a re d  t h a t  d e n ta l  s t a t u s  was 
l i k e l y  to  be a  m ajo r c o n t r ib u to r y  f a c t o r  to  th e  I n d iv id u a l  i n t a k e  o f  
fe e d b lo c k  by any  group o f  s h e e p . In  P a r t  B i t  was t h e  i n t e n t i o n  to  
exam ine in d i v id u a l  v a r i a t i o n  from  fe e d b lo c k s  and com pare t h i s  w ith  
e q u iv a le n t  am ounts o f  c o n c e n tr a te  DM a s  i n  P a r t  A, b u t w ith  yo u n g er 
ewes w here d e n ta l  s t a t u s  was r e l a t i v e l y  u n ifo z 'm ,in  t h a t  a l l  i n d iv id u a l s  
p o s s e s s e d  a  f u l l  conpliiT ient o f  s t r o n g  i n c i s o r  t e e t h .
The e x p e rim e p ts  a l s o  d i f f e r e d  from  th o s e  i n  P a r t  A ^in t h a t  th e y  
w ere c a r r i e d  o u t  in  an  o u td o o r  s i t u a t i o n  w ith  th e  ewes in  g ra s s  p ad d o ck s . 
I t  was hoped t h a t  th e  b e h a v io u r  o f  th e  ewes would be r e p r e s e n t a t i v e  o f  
th e  m a jo r i ty  o f  lo w lan d  sheep  g iv e n  fe e d b lo c k s  and  s p a r s e  g ra z in g  a n d /o r  
h ay . I t  i s  p o s s i b le  t h a t  u n d er th e  e x p e r im e n ta l c o n d i t io n s  o f  P a r t  A 
t h a t  a  p r o p o r t io n  o f  th e  in d i v id u a l  in ta k e  v a r i a t i o n  f o r  fe e d b lo c k s  
m igh t be a t t r i b u t a b l e  t o  o v e r-c o n su m p tio n  by some ewes b eca u se  o f  
boredom f a c t o r s  i n  th e  housed  s i t u a t i o n .  In  a  f i e l d  s i t u a t i o n  th e s e  may 
be l e s s  p ronounced  and th e  in t a k e  v a r i a t i o n  red u ce d  a c c o r d in g ly .
In  P a r t  B s e v e r a l  d i f f e r e n t  ty p e s  o f  fe e d b lo c k s  w ere exam ined w hich 
v a r ie d  i n  ch em ica l c o m p o s itio n , p h ilo so p h y  o f  u s e ,  m ethod o f  in t a k e  
r e s t r i c t i o n ,  sh ap e  and  recommended l e v e l  o f  i n t a k e .  The in d iv id u a l  
v a r i a t i o n  i n  fe e d b lo c k  in t a k e  was th e r e f o r e  exam ined a t  c o n t r a s t in g  l e v e l s  
o f  consum ption  f o r  b lo c k s  o f  d i f f e r i n g  p a l a t i b i l i t y  and a c c e p t a b i l i t y .
A f u r t h e r  o b je c t iv e  o f  P a r t  B was to  examine th e  c o n t r ib u t io n  to  
in d iv id u a l  v a r i a t i o n  made by th e  i r r e g u l a r  n a tu re  o f  fe e d b lo c k
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co nsum ption . T h is  to o k  th e  form  o f  'p a i r - f e e d i n g , ' a  second group o f  
sheep  w ith  c o n c e n tr a te s  a t  an i r r e g u l a r  in p u t^ im i t a t i n g  th e  
consum ption  o f  fe e d b lo c k s .  O th er m easurem ents o f  in t a k e  v a r i a t i o n  v/ere 
o b ta in e d  when th e  same amount o f  c o n c e n tr a te  was g iv e n  a t  a f ix e d  d a i l y  
i n p u t .
M a te r ia ls  and M ethods
The ex p e rim en ts  w ere c a r r i e d  o u t  i n  th e  autumn and w in te r  o f  
1975/760  T h i r ty  tvro p re g n a n t G rey face  (B o rd er L e ic e s te r  cT  x  S c o t t i s h  
B la ck face  Î )  ewes o f mean l i v e  w e ig h t 66 kg (56  to  S3 kg) w ere d iv id e d  
in t o  two g roups (C and D) on th e  b a s is  o f  l i v e  w e ig h t .  The ewes w ere 
p u rc h a se d  s p e c i a l l y  f o r  th e s e  ex p e rim en ts  and  w ere a p p ro x im a te ly  3"*years 
o ld  w ith  a  f u l l  com plim ent o f  t e e t h .  As f a r  a s  was known th e  ewes had 
no p re v io u s  h i s t o r y  o f  fe e d b lo c k  consum ption . Each group was g iv e n  a c c e s s  
to  a  sm a ll  paddock (0*15 h a )  w hich i n i t i a l l y  o f f e r e d  s p a r s e  g r a z in g .
The ch em ica l c o m p o sitio n  and  d e s c r ip t i o n  o f  th e  fe e d b lo c k s  u sed  in  th e s e  
ex p e rim en ts  i s  g iv e n  i n  T ab le  1 (page  35 ) o f t h i s  t h e s i s .
Exoerim e n t 3*1* A co m p ariso n ’ betw een ewes g iv e n  R um evite fe e d b lo c k s  and 
c o n c e n tr a te s  g iv e n  i n  tro u g h sV  ~  —  1 - - - - ■  ~ r r ~ T - - - - - - r  I I '  u r n !  t  i  i i n  i i i  i  i n  1 1 1 m  - r r m r - i i T i  n i  %  »  i i  i  | | | T |  r r i m i i
In  E xpt 3*1 o f  34 days d u r a t io n  group G ewes w ere g iv e n  a  RS 
fe e d b lo c k  i n  a  p u r p o s e - b u i l t  m e ta l  c o n ta in e r  w hich p r o te c te d  th e  s id e s  
and edges o f  th e  b lo c k . The c o n ta in e r  was p ro v id e d  w ith  h o le s  a t  th e  
base  to  a l lo w  r a i n  w a te r  to  d r a in  away b u t o f te n  th e s e  became b lo c k e d  
and th e  b ase  o f  th e  b lo c k s  became s o f t .  The fe e d b lo c k s  w ere w eighed  
d a i ly  and r e p la c e d  w h e n .le s s  th a n  4  kg o f  f r e s h  m a te r i a l  rem a in ed .
Chromic o x id e  was in c lu d e d  i n  th e  b lo c k s  a t  3*65 g /k g  DM.
Group D ewes w ere g iv e n  an  a l l o c a t i o n  (66 g DM/head) o f  c o n c e n tr a te  
cubes (246  g CP, 32  g CF, 15 g EE and  87 g a s h /k g  DM) com m ensurate 
m t h  th e  t o t a l  DM in ta k e  o f  RS by group C ewes o v e r  th e  p re v io u s  24“h r 
p e r io d ^ th u s  m jjn icking  th e  i r r e g u l a r  DM in ta k e  o f  f e e d b lo c k . Chromic 
o x id e  was in c lu d e d  in  th e  c o n c e n tr a te  cube a t  5*45 g A g  DM., The
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c o n c e n tr a te s  w ere g iv e n  in  tro u g h s  w ith  a generous sp ace  a llo w an ce  o f  
83 cm/ewe.
Both g roups o f  ewes a l s o  r e c e iv e d  ad  l ib i tu m  tim o th y  hay (81 g CP, 
295 g CF, 16 g EE and 58 g a s h /k g  DM) i n  V -shaped  m e ta l f e e d e r s .  The 
hay was u s u a l ly  in t ro d u c e d  tw ic e  d a i ly  o r  when n e c e s s a ry  and t h e  amount 
g iv e n  re c o rd e d .
The ewes w ere eq u ip p ed  w ith  f a e c a l  c o l l e c t io n  h a rn e s s e s  and n y lo n  
mesh bags and a  6 -day  q u a n t i t a t i v e  c o l l e c t i o n  o f  fa e c e s  was made o v e r 
days 12 to  17 a f t e r  in t r o d u c t i o n  o f  th e  b lo c k s .  F aeces  w ere sam pled 
a c c o rd in g  to  Method ( l )  (page 7 / ) ,  The RS fe e d b lo c k  was th e n  removed 
and a  RHE fe e d b lo c k  s u b s t i t u t e d .  The e x p e r im e n ta l p ro c e d u re  was n o t 
changed e x c e p t t h a t  th e  c o n c e n tr a te s  w ere now a l lo c a t e d  a t  a  f ix e d  d a i l y  
in p u t  com m ensurate w ith  th e  mean q u a n t i ty  o f  c o n c e n tr a te  DM g iv e n  b e f o r e .  
A 6 -d ay  q u a n t i t a t i v e  c o l l e c t i o n  o f  f a e c e s  was made 12 to  17 days a f t e r  
in t r o d u c t io n  o f  th e  RHE fe e d b lo c k s  and chang ing  th e  p a t t e r n  o f  
c o n c e n tr a te  a d m in i s t r a t io n . Thus th e  e f f e c t  on i n d i v id u a l  v a r i a t i o n  o f  
g iv in g  c o n c e n tr a te s  a t  a  f ix e d  o r  i r r e g u l a r  d a i ly  in p u t  co u ld  be made 
and com pared w ith  th e  i n d iv id u a l  v a r i a t i o n  a r i s i n g  from  fe e d b lo c k  
su p p le m e n ta t io n . The ewes w ere w eighed upon co m p le tio n  o f  th e  
e x p e rim e n t.
E ^ e rim e n t 3 .2 .  A com parison  betw een ewes g iv e n  C olborn  fe e d b lo c k s  and 
c o n c e n tr a te s  in  tro u g h s
In  E xpt 3*2 o f  34 days d u r a t io n  an e s s e n t i a l l y  s im i la r  e x p e r im e n ta l 
p ro c e d u re  f o r  Expt 3*1 was em ployed. Group C ewes w ere g iv e n  a  CSE 
fe e d b lo c k  in  a h e a v y -d u ty  p l a s t i c  c o n ta in e r ,  w hich a llo w e d  a c c e s s  to  
o n ly  th e  to p  s u r f a c e  o f  th e  b lo c k . The CSE fe e d b lo c k s  c o n ta in e d  9*69 g 
chrom ic o x id e /k g  DM. Group D ewes r e c e iv e d  o v e r th e  i n i t i a l  17 days an 
a l l o c a t i o n  o f  c o n c e n tr a te  cubes ' p a i r - f e d , * on a  d a i ly  DM b a s i s ,  
com m ensurate w ith  th e  t o t a l  in t a k e  o f  CSE by group C ew es. Over th e  
second  17-d ay  p e r io d  o f  E xpt 3*2 th e  c o n c e n tr a te s  w ere a l l o c a t e d  a s  i n
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E xpt 3 .1  on a  f ix e d  d a i ly  DM b a s i s  (394  g DM /head). F aeces  w ere 
q u a n t i t a t i v e l y  c o l l e c t e d  from  b o th  g ro u p s o f  ewes o v e r  days 12 t o  17 
and 29 to  34 to  g iv e  6 -day  co m p o site  sam p les .
E xperim en t 3*3 , The m easurem ent o f  i n d iv id u a l  in ta k e  v a r i a t i o n  f o r  ewes 
g iv e n  W in taw e ll f e e db lo c k s
In  E xpt 3o3 o f  34 days d u r a t io n ,  group C and D ewes w ere g iv e n
W 29l(74) and W290(74) f e e d b lo c k s ,r e s p e c t iv e ly ^  o v e r th e  i n i t i a l  17 days
o f  th e  e x p e rim e n t. Over th e  su b se q u e n t 17 -day  p e r io d  th e  fe e d b lo c k s  
g iv e n  to  g roups C and  D ,r e s p e c t iv e ly ,  w ere W 29l(76) and  W 290(76). Chi’omi.c
o x id e  was in c lu d e d  in  th e  fe e d b lo c k s  ( 2»40 g , 2»39 g , 4"51 and 8*21 g /k g
DM f o r  th e  W 29l(74)> W 290(74), W 29l(76) and ¥ 2 9 0 (7 6 ) b lo c k s  r e s p e c t iv e l y ) ,  
No c o n ta in e r s  w ere u se d  w ith  any  o f  th e  b lo c k s  i n  t h i s  ex p erim en t a s  t h i s  
ivas th e  recom m endation o f  th e  m a n u fa c tu re r s .
The e x p e r im e n ta l p ro c e d u re  em ployed was i d e n t i c a l  v /ith  th e  
p re v io u s  Foqots (3*1 and  3*2) w ith  6 -d ay  q u a n t i t a t i v e  f a e c a l  c o l l e c t i o n s  
made o v e r days 12 to  17 and  29 to  34 from  b o th  g ro u p s  o f  ew es.
C om putation o f  d a ta
The in d iv id u a l  in t a k e s  o f  fe e d b lo c k s  and c o n c e n tr a te  v/ere 
e s t im a te d  from  th e  r e c o v e ry  o f  chrom ic o x id e  d u r in g  th e  r e s p e c t iv e  
sam p lin g  p e r io d s .  The DM d i g e s t i b i l i t y  o f  th e  C o lborn  (CSE) and 
W in taw e ll (W 290(74), W 29l(74), W 290(?6), W 29l(76)) fe e d b lo c k s  u sed  was 
assum ed to  be e q u iv a le n t  to  th e  v a lu e s  g iv e n  i n  T ab le  7f th e  DM 
d i g e s t i b i l i t y  o f  th e  c o n c e n tr a te s  was 8 3 * 0 / and th e  DM d i g e s t i b i l i t y  
o f  th e  hay  was 5 4 * 8 /. No DM d i g e s t i b i l i t y  e s t im a te s  c o u ld  be g iv e n  fo r  
th e  R um evite fe e d b lo c k s  f o r  t h e  re a s o n s  o u t l in e d  on page  74 *
In  E xpts 3*2 and  3*3 th e  in d i v id u a l  hay in t a k e s  o f  th e  ewes w ere 
e s t im a te d  by a p p o r t io n in g  f a e c e s  a c c o rd in g  to  th e  i n d i g e s t i b i l i t y  o f  
th e  d i e t a r y  com ponents. The t o t a l  DM in ta k e  o f  in d i v id u a l  sheep  was 
a l s o  c a l c u la te d .
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The in d iv id u a l ,  v a r i a t i o n  i n  in t a k e s  o f  fe e d b lo c k , c o n c e n tr a te  and 
hay and t o t a l  DM (E x p ts  3 «2 and  3*3) w ere com puted b o th  i n  a b s o lu te  
q u a n t i t i e s  and e x p re s se d  p e r  u n i t  l i v e  w e ig h t. F o r th e  sak e  o f  b r e v i ty  
o n ly  r e s u l t s  e x p re s se d  i n  a b s o lu te  te rm s  a r e  p r e s e n te d  h e re  b u t  comment 
w i l l  be made on th e  d a ta  when e x p re s s e d  on a u n i t  l iv e - w e ig h t  b a s i s .
For th e  same r e a s o n s  i n d i v id u a l  in t a k e s  w i l l  n o t be g iv e n  a p a r t  from  
Kxpt 3 c l .
Resul t s
In  Expt 3 .1  th e  mean d a i l y  DM in ta k e s  o f  th e  RS and RHE 
fe e d b lo c k s  by w e ig h in g  w ere 65 1" 7"7  and  66 t  15*0 g ^ re s p e c t iv e ly ^ o v e r 
th e  e x p e r im e n ta l p e r io d .  Group G ewes g iv e n  RS consumed Ul% more hay 
DM th a n  th e  ' p a i r - f e d , ' c o n c e n tr a te  ewes (g roup  D )j th e  d i f f e r e n c e  
(1113 t  62 V . 790 t  192 g ) was n o t  s i g n i f i c a n t .  Wlien g roup C ewes w ere 
g iv e n  th e  RHE fe e d b lo c k  t h e i r  in t a k e  o f  hay DM (1343 -  26 g ) was 
s i g n i f i c a n t l y  g r e a t e r  ( P < 0 .0 5 )  th a n  group D ewes g iv e n  c o n c e n tr a te s  
(828 -  221 g ) .  The in ta k e s  o f  fe e d b lo c k  d id  n o t  a p p e a r  to  in c r e a s e  w ith  
t im e .  The in d i v id u a l  f e e d b lo c k  and c o n c e n tr a te  in ta k e s  f o r  Expt 3 .1  a r e  
p re s e n te d  g r a p h ic a l l y  i n  F ig .  3*
The CVs f o r  in d i v id u a l  c o n c e n tr a te  in t a k e  b o th  f o r  an  i r r e g u l a r  
(k^%) and  a  r e g u la r  {lS%)  c o n c e n tr a te  in p u t s  w ere below  t h a t  f o r  th e  
fe e d b lo c k s  (CV e q u iv a le n t  t o  64  and 70^ f o r  th e  RS and  RHE fe e d b lo c k s  
r e s p e c t i v e l y ) .  One i n d i v id u a l  ewe f a i l e d  to  consume any RHE and o n ly  
10 g /d a y  o f  RS, th e  CV was red u ce d  to  59^ fo r  th e  RHE fe e d b lo c k  when 
t h i s  ewe was n o t  in c lu d e d  in  th e  a n a l y s i s .
The mean in ta k e s  o f  f e e d b lo c k , c o n c e n tr a te ,  hay and t o t a l  d ry  
m a t te r  f o r  E xp ts  3 .2  and 3 .3  a r e  g iv e n  in  T ab le  13, to g e th e r  w ith  
r e s p e c t iv e  c o e f f i c i e n t s  o f  i n d i v id u a l  v a r i a t i o n .  In  E xpt 3 .2  th e  mean 
d a i ly  in t a k e  o f  CSE o v e r  th e  w hole e x p e r im e n ta l p e r io d  was 418 1’ 28*3 g 
DM/head and a  new b lo c k  had to  be in t ro d u c e d  on a l t e r n a t e  d a y s . V/hen 
b o th  th e  CSE fe e d b lo c k  and th e  c o n c e n tr a te  a l l o c a t i o n  w ere consumed on
F i g .3 E xpt 3 .1  The in d iv id u a l  v a r i a t i o n  i n  th e  in t a k e  o f  fe e d b lo c k s  
RS and RHE and e q u iv a le n t  w e ig h ts  o f  c o n c e n tr a te  DM a l lo c a t e d  on e i t h e r  
( a )  'p a i r - f e d '  o r  on an  i r r e g u l a r  d a i l y  in ta k e  b a s i s  o r  (b )  g iv en  
u n ifo rm ly  each d ay .
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an  i r r e g u l a r  b a s is  (days 1 to  17) th e r e  was no d i f f e r e n c e  i n  in ta k e  
v a r i a t i o n  (CV 53 v .  55^) f o r  th e  two m ethods o f  g iv in g  n u t r i e n t s .
However when th e  c o n c e n tr a te s  w ere g iv e n  to  group D ewes a t  a  c o n s ta n t  
a l i o  c a t io n /d a y  (mean in ta k e  35S g) th e  CV was c o n s id e ra b ly  red u ce d  (3 1 ^ ) * 
T here was o n ly  a  sm a ll d i f f e r e n c e  in  CV (53 v . 60^) betw een th e  s u c c e s s iv e  
c o l l e c t i o n  p e r io d s  when in d iv id u a l  v a r i a t i o n  o f  th e  CSE fe e d b lo c k  was 
m easu red . The in d i v id u a l  ewe i n  group C w hich r e f u s e d  to  consume RHE 
a l s o  r e fu s e d  to  consume th e  CSE fe e d b lo c k . t/hen t h i s  ewe was e l im in a te d  
from  th e  d a ta  th e  r e s p e c t iv e  CVs(45 and  52%) f o r  c o l l e c t i o n  p e r io d s  (days 12 
to  17 and 29 to  3 4 ) w ere re d u c e d . The e x p re s s io n  o f  in t a k e s  o f  th e  CSE 
fe e d b lo c k  and c o n c e n tr a te  ( c o l l e c t i o n  29 to  34 d ay s) p e r  u n i t s  l i v e  
w e ig h t d id  n o t a l t e r  th e  CV f o r  i n d i v id u a l  in ta k e  and onl.y a small, 
d e c re a s e  was re c o rd e d  (CV red u ce d  from  55 to  4 9 ^ )in  th e  c o n c e n tr a te  
v a r i a t i o n  f o r  th e  12 to  17 day c o l l e c t i o n .
In  E xpt 3=3 th e  in t a k e s  o v e r  th e  t o t a l  e x p e r im e n ta l p e r io d  o f  
W 29l(74), W291(76) (g roup  C ew es) and W 290(74), V/290(76) (group D ew es) 
w ere 1?5 -  21 , « 14j 441 t  28 and  408 t  33 g , r e s p e c t iv e ly *  The
pronounced  ' f i r s t - d a y '  e f f e c t  r e s u l t i n g  in  an in c re a s e d  co n su m p tio n .o v e r 
th e  i n i t i a l  2 4 -h r  p e r io d  f o r  th e  housed  ewes ( P a r t  A) g iv e n  W in taw e ll (1974) 
fe e d b lo c k s  was much l e s s  e v id e n t .w i th  th e  p r e s e n t  ewes o u td o o rs .  The 
in d iv id u a l  v a r i a t i o n  in  fe e d b lo c k  in t a k e  was e s p e c i a l l y  l a r g e  f o r  th e  
h a rd e r  W 29l(74) and ¥291 (7 6 ) fe e d b lo c k s  ( 8 l  and 9 6 ^ ,r e s p e c t i v e l y ) .  The 
a b s o lu te  l e v e l  o f  in ta k e  was th e  same f o r  th e s e  b lo c k s .  The in t a k e  
v a r i a t i o n  (CV = h%J%) f o r  th e  ¥ 2 9 0 (7 4 ) b lo c k  was r e l a t i v e l y  sm a ll  and a  
c o n s id e ra b le  im provem ent on th e  ?6 ^  m easured f o r  ¥ 2 9 0 (7 6 ) . The mean 
in ta k e  from  b o th  b lo c k s  was a p p ro x im a te ly  s i m i l a r .  The same in d iv id u a l  
ewe i n  group C a l s o  r e f u s e d  to  consume any o f  th e  fe e d b lo c k s  g iv e n  i n  
E)q)t 3 .-3 and a  second  ewe i n  group C consumed none o f  th e  ¥ 2 9 1 (7 6 ) 
b lo c k . When th e s e  sheep w ere e l im in a te d  from  th e  d a ta  th e  CVs f o r  
¥ 291 ( 7 4 ) and ¥ 291 ( 7 6 ) w ere red u ce d  to  74 and 83^ r e s p e c t i v e l y .  The
1 0 8 ,
e x p re s s io n  o f  in ta k e  v a r i a t i o n  in  u n i t s  o f  l i v e  w e ig h t d id  n o t 
fu n d a m e n ta lly  a l t e r  th e  CVs o b ta in e d .
In  E xp ts  3 .2  and 3=3 th e  CV f o r  hay and t o t a l  DM in ta k e  w ere i n  
a l l  c a se s  c o n s id e ra b ly  below  th o s e  c a l c u la te d  f o r  e i t h e r  th e  fe e d b lo c k s  
o r  c o n c e n t r a te s .  In  th e  ex trem e ca se  o f  group D ewes g iv e n  th e  W 290(?4) 
fe e d b lo c k  th e  CV f o r  hay  in t a k e  ( lO ^ ) ivas a b o u t 10 tim e s  below  th e  v a lu e  
f o r  b lo c k  in t a k e  
D is c u s s io n
In  E x p ts  3*2 and 3*3 when in d i v id u a l  hay in t a k e s  w ere e s t im a te d  by 
a p p o r t io n in g  f a e c e s  a c c o rd in g  to  th e  i n d i g e s t i b i l i t y  o f  th e  f e e d b lo c k , 
c o n c e n tr a te  o r  th e  hay  d d .e ta ry  com ponent, no a t t a n p t  was made to  
c a l i b r a t e  any  l i k e l y  a s s o c i a t i v e  e f f e c t  betw een th e  c o m p o n e n ts ^ re su ltin g  
i n  a  change in  t o t a l  d i g e s t i b i l i t y  o f  th e  d i e t .  A lso  th e  c o n t r ib u t io n  
from  th e  g ra z in g  a v a i l a b l e  i n  th e  paddocks was ig n o re d .  T h is  seemed a  
v a l id  a ssu m p tio n  he cau se  on co m p le tio n  o f  Expt 3 .1  th e  paddocks w ere 
v e ry  b a re  and th e  ewes a p p a r e n t ly  r e l i e d  a lm o s t t o t a l l y  on th e  hay  given^ 
to  su p p ly  ro u g h ag e . T h e re fo re  th e  hay  and t o t a l  DM in ta k e s  g iv e n  a r e  
a p p ro x im a tio n s  b u t s e rv e  to  show th e  much red u ce d  in d iv id u a l  v a r i a t i o n  
f o r  th e  roughage com ponent o f  th e  d ie t ,c o m p a re d  w ith  e i t h e r  g iv in g  
fe e d b lo c k s  o r  c o n c e n t r a te s .
In  a l l  th e  e x p e rim e n ts  c a r r i e d  o u t  h e re  th e  in d i v id u a l  v a r i a t i o n  
f o r  fe e d b lo c k s  was g r e a t e r  th a n  f o r  g iv in g  e q u iv a le n t  am ounts o f  DM as  
c o n c e n tra te  cubes i n  t r o u g h s ,w i th  one e x c e p t io n .  In  Expt 3 .2  when th e  
c o n c e n tr a te s  w ere a l l o c a t e d  on an i r r e g u l a r  b a s is  t h e  CV f o r  i n d i v id u a l  
in t a k e  was s im i l a r  to  t h a t  f o r  t h e  c o n c e n t r a te s .  T h is a g re e s  w ith  th e  
in d o o r  f in d in g s  i n  E x p ts  2 .1 ,  2 .2  and 2 .3  w here a more u n ifo rm  
su p p le m e n ta tio n  w ith  fe e d b lo c k s  o v e r  'h a n d -fe e d in g *  was n o t  r e c o rd e d , 
w hich i s  c o n t r a r y  t o  th e  s i t u a t i o n  commonly im ag in ed . P e rh a p s  th e  m ost 
i n t e r e s t i n g  outcom e o f  th e  o u td o o r  ex p e rim e n ts  was t h a t  even when a  
s n a i l  amount { < 5 %  o f  th e  t o t a l  DM in t a k e )  o f  fe e d b lo c k  was consumed
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(mean 50 to  60 g /d a y )  such  a s  o c c u rre d  i n  E xpt 3 .1  from  RS and RHE, th e  
ewes g iv e n  an e q u iv a le n t  amount o f  DM as  a  c o n c e n tr a te  in  tro u g h s  s t i l l  
showed l e s s  in d iv id u a l  v a r i a t i o n  th a n  th e  fe e d b lo c k  supp lem en ted  ew es. 
T h e re fo re  even i n  th e  t r u e  su p p le m e n ta tio n  s i t u a t i o n ,  w ith  th e s e  ewes th e  
' s e l f - f e e d i n g , '  o f  sheep  w ith  fe e d b lo c k s  d id  n o t p ro d u ce  a more u n ifo rm  
in ta k e  th a n  ' h a n d - fe e d in g ; '  T h is  i s  r a t h e r  s u r p r i s in g  b eca u se  th e  
c o n c e n tr a te  a l l o c a t i o n  was l i t e r a l l y  consumed in  seconds and th e  ewes 
showed c o n s id e ra b le  d is tu r b a n c e  a t  th e  t r o u g h s .  A lso  u n l ik e  th e  in d o o r  
e x p e rim e n ts  in  p a r t  A, a l l  th e  ewes em ployed i n  th e  p r e s e n t  e x p e rim en ts  
p o s se s s e d  a good d e n ta l  s t a t u s  and i n  th e o ry  sh o u ld  have been a b le  to  
consume b].ock m a te r i a l  i f  s u f f i c i e n t l y  m o t iv a te d .
The ra n k in g  o f  th e  sheep  a c c o rd in g  t o  t h e i r  fe e d b lo c k  o r  
c o n c e n tr a te  in t a k e s  w i th in  t h e i r  r e s p e c t iv e  g roups rem ained  rem s.rkab ly  
c o n s ta n t  r e g a r d le s s  o f  fe e d b lo c k  ty p e  o r  l e v e l  o f  c o n c e n tr a te  g iv e n .
One in d i v id u a l  ewe» c o m p le te ly  r e fu s e d  to  consume any  o f  th e  fe e d b lo c k s  
g iv e n  a p a r t  from  a to k e n  in t a k e  (lO  g /d a y )  on th e  RS w hich was th e  
i n i t i a l  b lo c k  pro-vdded f o r  h e r  g ro u p . T h is  may have been a n o v e l ty  
i n t e r e s t  only* Vdien th e  ewes w ere su b se q u e n tly  housed  i n  l a t e  w in te r  
f o r  lam bing  i t  was o b se rv e d  t h a t  t h i s  ewe r e a d i ly  consumed c o n c e n tr a te s  
in  a  c o m p e ti t iv e  s i t u a t i o n .  A second  in d iv id u a l  a p p e a re d  to  su d d en ly  
s to p  consum ing fe e d b lo c k s  when g iv e n  th e  V /29l(?4); th e  re a s o n  f o r  t h i s  
co u ld  n o t be e x p la in e d  f o r  th e  ewe seemed i n  p e r f e c t  h e a l th  and r e a d i l y  
consumed h ay . A ll  ewes com peted a t  t h e  tro u g h s  f o r  th e  c o n c e n tr a te s  
g iv e n  b u t i n  some i n s t a n c e s , p a r t i c u l a r l y  i n  Expt 3 * l? lo w  in d iv id u a l  
in t a k e s  w ere r e c o rd e d .
The in f lu e n c e  o f  g iv in g  th e  c o n c e n tr a te s  on an i r r e g u l a r  in p u t  
b a s is  on th e  m agn itude  o f  i n d i v id u a l  in t a k e  v a r i a t i o n  i n  E xp ts  3*1 and  
3 .2  seemed to  depend on th e  l e v e l  o f  c o n c e n tr a te  a l l o c a t e d .  V/hen a  
sm a ll a l l o c a t i o n  (66 g DM/head) was g iv e n  (E xpt 3 .1 )  th e r e  was l i t t l e  
d i f f e r e n c e  i n  in d i v id u a l  v a r i a t i o n s  r e g a r d le s s  o f  m ethod o f  c o n c e n tr a te
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a l l o c a t i o n .  VJhen a  l a r g e r  amount o f  c o n c e n tr a te  (.394 g DM/head) was 
g iv e n  (E qp t 3»2 ) , th e  in d i v id u a l  v a r i a t i o n  in  c o n c e n tr a te  in ta k e  was 
c o n s id e ra b ly  red u ce d  i f  th e  c o n c e n tr a te s  were a l l o c a t e d  a t  a co n s ta n t, 
d a i ly  in p u t  ( p r a c t i c a l  m ethod o f  g iv in g  c o n c e n t r a te s ) , th a n  f o r  a  v a r ia b le  
d a i l j ’’ in p u t  (256 to  513 g DM /head)« T h e re fo re  a t  a su p p le m e n ta l l e v e l  o f  
in ta k e  { < 5 %  o f  t o t a l  DM in ta k e  in  E xpt 3 d )  f o r  b o th  fe e d b lo c k s  and 
c o n c e n tr a te s  i t  i s  d o u b tfu l  w h e th e r th e  in t e r - d a y  v a r i a t i o n  in  t o t a l  
q u a n t i ty  o f  DM on o f f e r  c o n t r ib u te d  m a te r ia ld y  to  th e  m agn itude  o f  
in d iv id u a l  in ta k e  v a r i a t i o n . As th e  p r o p o r t io n  o f  fe e d b lo c k  o r  
c o n c e n tra te  in  th e  d i e t  in c re a s e d  to  20 to  2 5 /  and in d i v id u a l  in ta k e  
' v a r i a t i o n  was red u ce d  (E xpt 3 . 2 ) ,  th e  i n t e r - d a y  v a r i a t i o n  in  t o t a l
c o n c e n tra te  o r  fe e d b lo c k  DM g iv e n ,a p p e a re d  to  in f lu e n c e  c o n s id e ra b ly  th e  
n a g n itiid e  o f  i n d iv id u a l  in t a k e  v a r i a t i o n ,b y  in c r e a s in g  i t .  At th e  low  
l e v e l  o f  c o n c e n tr a te  a l lo c a t io n ,c o n s u m p tio n  was e x tre m e ly  r a p id  and i t  
i s  l i k e l y  t h a t  in d iv id u a l  ewes w ere consum ing c o n c e n tra te  in  p r o p o r t io n  
to  th e  t o t a l  amount on o f f e r ,  th u s  th e  in ta k e  v a r i a t i o n  m s  in d e p e n d e n t 
o f  th e  m ethod o f  d a i ly  a l l o c a t i o n  o f  c o n c e n tr a te s .
Vlien th e  amount o f  c o n c e n tr a te  g iv e n  was in c r e a s e d  to  20 to  2 5 / 
o f  th e  t o t a l  DM in t a k e ,  th e  consum ption  tim e  in c r e a s e d  a c c o rd in g ly  to  
s e v e r a l  m inu tes*  IVhen th e  c o n c e n tr a te s  w ere now a l l o c a t e d  a t  a c o n s ta n t  
d a i ly  in p u t  th e  m o tiv a t io n  and c o m p e tit iv e  a b i l i t y  o f  in d i v id u a l  ewes 
p ro b a b ly  rew arded  them  w ith  a r e l a t i v e l y  c o n s ta n t  amoun.t o f  c o n c e n tra te  
DM/day* However when th e  c o n c e n tr a te s  w ere a l l o c a t e d  a t  an i r r e g u l a r  
in p u t  i t  i s  p o s s ib le  t h a t  th e  m o t iv a t io n  o f  some ewes waned when a  la r g e  
amount o f  DM was g iv e n  and th e y  in t e r r u p te d  fe e d in g  b e fo re  th e  more 
g reed y  i n d i v id u a l s .  S im i la r ly ,  on days when th e  a d .lo c a tio n  o f  
c o n c e n tra te  was much red u ced  th e  m o tiv a t io n  o f  th e  g reed y  ewes in c re a s e d  
and th e y  in c re a s e d  in ta k e s  a c c o rd in g ly  i . e .  in d iv id u a l ,  d a i ly  c o n c e n tra te  
in ta k e s  w ere no lo n g e r  in  p r o p o r t io n  to  th e  t o t a l  am ount o f  DM g iv e n .
The f a c t o r s  which a f f e c t  i n t e r - d a y  v a r i a t io n  i n  fe e d b lo c k  in t a k e s ,
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f o r  in s t a n c e  w e a th e r , a r e  exam ined in  th e  n e x t s e c t io n  o f  t h i s  t h e s i s .
I t  i s  l i k e l y  t h a t  a  sim i3 ,ar s i t u a t i o n  ex3 .sts  f o r  fe e d b lo c k s  a s  w ith  th e  
i r r e g u l a r  a l l o c a t i o n  o f  c o n c e n tr a te s  i n  th e s e  e x p e r im e n ts , W ith th e  low  
in ta k e  su p p le m e n t- ty p e  f e e d b l o c k s , i t  i s  u n l ik e ly  t h a t  i n t e r - d a y  v a r i a t i o n  
in  t o t a l  group in ta k e  w i l l  p ro fo u n d ly  a f f e c t  th e  e x te n t  o f  in d iv id u a l  
in ta k e  v a r i a t i o n  b ecau se  o f  o th e r  'm a sk in g ' c a u s e s ,s u c h  a s  b lo c k  h a rd n e ss  
and u n p a l a t a b i l i t y  o f  i n g r e d i e n t s .  W ith th e  more p a l a t a b l e  s u b s t i t u t e -  
ty p e  fe e d b lo c k s  th e  i n t e r - d a y  v a r i a t i o n  i n  t o t a l  group in t a k e  may be a  
s i g n i f i c a n t  c o n t r ib u to r y  cau se  to  in d i v id u a l  in ta k e  v a r i a t i o n .  The 
in ta k e  o f  s u b s t i t u t e - t y p e  fe e d b lo c k  betw een days by in d i v id u a l  ewes 
a p p e a rs  to  be no lo n g e r  i n  p r o p o r t io n  w ith  i n t e r - d a y  t o t a l  group i n t a k e .
T h e re fo re  an ex t,ra  so u rc e  o f  i n d i v id u a l  in ta k e  v a r i a t i o n  e x i s t s  
wliich i s  p e c u l i a r  to  fe e d b lo c k s  and 's e l f - f e d *  system s i n  g e n e ra l*  Even 
when th e  more p a l a t a b l e  s u b s t i t u t e - t y p e  fe e d b lo c k s  such  a s  CSE, ¥ 2 9 0 (7 4 ) 
and ¥ 290 ( 7 6 ) a r e  g iv e n  to  sheep  w ith  u n ifo rm  d e n ta l  s t a t u s ,  th e  
in d i v id u a l  v a r i a t i o n  i s  g r e a t e r  th a n  f o r  c o n c e n tr a te s  g iv e n  a t  a c o n s ta n t  
d a i ly  in p u t*  T h e re fo re  th e  c la im ed  a d v a n ta g e  o f  fe e d b lo c k s  o v e r  tro u g h  
g iv e n  n u t r i e n t s ,  t h a t  a  more u n ifo rm  su p p le m e n ta tio n  w i l l  be e f f e c t e d  
a p p e a rs  t o  be u n fo u n d ed . The amount o f  tro u g h  sp ace  p e r  ewe f o r  th e  
c o n c e n tr a te  d i e t s  was g en e ro u s  (83 cm) and i t  i s  p o s s i b le  and in d e e d  
l i k e l y  t h a t  in d i v id u a l  v a r i a t i o n  i n  c o n c e n tr a te  in ta k e  w ould in c r e a s e  a s  
tro u g h  sp a c e  became l i m i t i n g .  T h is  a s p e c t  was exam ined in  P a r t  G o f  
S e c t io n  1 ,
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The e f f e c t - o f  tro u g h  so ace  a llo w a n c e  on th e  I n d iv id u a l  v a r in t io n  
in  c o n c e n tr a te  co n e im p tio n  and a  com parison  w ith  th e  g iv in g  o f  
n u t r i e n t s  i n  fe e d b lo c k s  and cobs f o r  ewes in  c o m p e ti t iv e 
s i t u a t i o n s  o u td o o rs
The r e s u l t s  o f  P a r t s  A and B o f  t h i s  s e c t io n  d e m o n s tra te d  t h a t  i f  
sheep  a r e  g iv e n  an  a d e q u a te  a llo w a n c e  o f  tro u g h  s p a c e ,a  more u n ifo rm  
consum ption  o f  th e  DM a v a i la b l e  by in d i .v id u a ls  in  th e  group i s  l i k e l y  to  
o ccu r f o r  c o n c e n tr a te  foods th a n  i s  p o s s ib le  w ith  ' s e l f - h e l p '  fe e d b lo c k s , 
However, when tro u g h  sp ace  i s  l i m i t i n g ,  an in c r e a s e  i n  in d i v id u a l  in t a k e  
v a r i a t i o n  may o c c u r  and i t  was one o f  th e  i n t e n t i o n s  o f  P a r t  G to  exs-niine 
in d i v id u a l  v a r i a t i o n  a t  v a r io u s  tro u g h  sp ace  a llo w a n c e s  and DM 
a l l o c a t i o n s  o f  c o n c e n tra te s *  S e v e ra l  fe e d b lo c k  ty p e s  r e p r e s e n t in g  
d i f f e r e n t  b lo c k  s h a p e s , m ethods o f  in ta k e  c o n t r o l  and p h ilo so p h y  o f  u se  
w ere a l s o  g iv en  a s  i n  P a r t  B, to  e f f e c t  a  com parison  betw een 'h a n d -  
f e e d in g ' o f  c o n c e n tr a te s  and ' s e l f - f e e d i n g , '  u s in g  b lo ck s*  A com parison  
betw een th e  g iv in g  o f  cobs and c o n c e n tr a te s  o r  fe e d b lo c k s  was a l s o  made*
I4 a t e r i a l s  and M ethods
The ex p e rim e n ts  w ere c a r r i e d  o u t  i n  th e  autumn and w in te r  o f  
1976/ 77 » A group o f  36  G rey face  ewes was a llo w ed  a c c e s s  t o  a  p e rm an en t 
g r a s s  paddock o f  a p p ro x im a te ly  4 ha* A ll  th e  ewes p o s s e s s e d  a f u l l  
com plim ent o f  p e rm an en t i n c i s o r  t e e t h  and  w ere  3 o r  4 -y e a r s  o f  a g e .
Over th e  i n i t i a l  4  weeks o f  th e  ex p e rim e n ts  2 rams w^ere ru n n in g  w ith  th e  
ew es. The ewes had  p re v io u s  e x p e r ie n c e  o f  consum ing c o n c e n tr a te s  from  
tro u g h s  and fe e d b lo c k s  b u t n o t  c o b s . The q u a n t i ty  o f  g ra z in g  a f f o r d e d  
by th e  paddock  was c o n s id e re d  s u f f i c i e n t  roughage f o r  th e  ewes from  
Septem ber 1976 u n t i l  th e  b e g in n in g  o f  Jan u a ry  1977 when a d e q u a te  hay  
was made a v a i l a b l e  i n  rack s*
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ExD eriïïient 4*1* The e f f e c t  o f  t ro u g h  sp ace  a llo w a n c e  and q u a n t i ty  o f  
c o n c e n tr a te  DM a l lo c a t e d  on th e  in d i v id u a l  in ta k e  v a r i a t i o n  o f
c o n c e n tr a te s  g iv e n  in  tro u g h s
A c o n c e n tr a te  cube o f  s im i l a r  co m p o sitio n  to  t h a t  u sed  i n  Expts 3 d  
and 3 d  was n m d e ,in c o rp o ra tin g  5 '5 4  g chrom ic o x id e /k g  DM* The ewes w ere 
g iv e n  th e  fo llo w in g  d a i.ly  a l l o c a t i o n s  o f  c o n c e n t r a te ,p r o g r e s s iv e ly  o v e r  
3 c o n s e c u t iv e  24 -d ay  p e r io d s ,  84> 252 and 504 g /h e a d .  The 24 -d ay  p e r io d s  
w ere su b d iv id e d  in t o  th r e e  8 -d a y  p e r io d s  when each a l l o c a t i o n  o f  
concentz’a t e s  was g iv e n  a t  3 d i f f e r e n t  tro u g h  sp ace  a llo w a n c e s  * These 
w ere 53 cm /head (4  t r o u g h s ) ,  40  cm /head (3 t ro u g h s )  and 33 cm /head ( p j  
t r o u g h s ) .  The tro u g h s  m easured  2*4 x  0=25 m and i n  c a l c u l a t i n g  th e  tro u g h  
sp ace  a llo w a n c e s  g iv e n ,m e asu re m en ts  o f  b o th  s id e s  o f  each  tro u g h  have 
been  in c lu d e d * M eta l s t r u t s  p a r t i t i o n e d  o f f  each  tro u g h  in t o  8 
com partm ents and  i t  i s  re c o g n is e d  p r a c t i c e  to  a l lo w  12 s h e e p /tro u g h  o f  
t h i s  ty p e*  T h e re fo re  4 tro u g h s  gave a  generous sp ace  a llo w a n c e , 3 
tro u g h s  a v e ra g e  and tro u g h s  gave a  t i g h t  sp ace  a llow ance*
U nlike  th e  ex p e rim e n ts  c a r r i e d  o u t  i n  P a r t s  A and B o f  t h i s  s e c t i o n ,  
when t o t a l  f a e c a l  c o l l e c t i o n s  w ere made from  th e  ew es, i n  th e s e  
ex p e rim en ts  r e s o u r c e s  o n ly  p e r m i t te d  th e  u se  o f  r e c t a l  g ra b  sam ples to  
e s t i J m te  th e  in d i v id u a l  in t a k e s  o f  th e  fo o d s g iven* On day  8 o f  each 
s u b -p e r io d  ( fo l lo w in g  7 days o f  i n to r u d c t io n  to  each  p e rm u ta tio n  o f  
c o n c e n tr a te  a l l o c a t i o n  and sp ace  a l lo w a n c e )  th e  ewes w ere penned  and 
r e c t a l  g ra b  sam ples o b ta in e d .
E xperim en t 4=2, The in d i v id u a l  v a r i a t i o n  o f  ewes g iv e n  fe e d b lo c k s  or  
cob s  u s i ng r e c t a l  g ra b  sam ples to  e s t im a te  in d iv id u a l  in t a k e s
The e x p e r im e n ta l p ro c e d u re  was v e ry  s im i l a r  and d i r e c t l y  
c o n s e c u tiv e  to  Expt 4<>1* The fo llo w in g  fe e d b lo c k s  w ere g iv e n  to  th e  36 
ewes o v e r c o n s e c u t iv e  12 -d ay  p e r io d s ,  RS, RHE, ¥ 2 9 0 (7 6 ) , ¥ 2 9 0 (7 4 ) ,
¥ 291 ( 7 4 ) and CSE (T ab le  1 f o r  t y p i c a l  fe e d b lo c k  c o m p o s i t io n s ) .  The 
fe e d b lo c k s  c o n ta in e d  4 *4 0 , 5*18, 8=21, 2*39, 2 -40  and 9*69 g chrom ic
.1 1 4 .!
o x id e /k g  DM re s p e c t iv e ly *  On day 12 o f  each  p e r io d  th e  ewes w ere penned 
and r e c t a l  gra.b sam ples o b ta in e d  from  as  many ewes a s  p o s s i b le .  No 
c o n ta in e r s  w ere u sed  f o r  th e  fe e d b lo c k s*  Two b lo c k s  o f  each  r e s p e c t iv e  
ty p e  w ere g iv e n  to  th e  ewes and re p le n is h e d  when l e s s  th a n  tl ie  p re v io u s  
days consum ption  o f  b lo c k  rem a in ed . Any r e s id u e s  w ere removed i f  
n e c e ssa ry *
About l6  days b e fo re  th e  o n s e t  o f  lam bing 2 ewes w ere removed 
from  th e  ex p erim en t due to  w eakness. The rem a in in g  34 ewes w ere th e n  
g iv e n  640 g DM /head/day o f  cobs ( 14I  g CP, 39 g CF, 20 g EE, 125 g a s h , 
2*16 g chrom ic o x id e /k g  DM) f o r  a  7 -d ay  p e r i o d t a f t e r  w hich  th e y  w ere 
r e c t a l l y  g rab  sampled* Each cob m easured  4 4 x  1*7 cm and w eighed
a  mean 25 t  0»7 g DM. D uring  th e  week p ro c e e d in g  th e  e x p ec ted  lam bing  
d a te  th e  ewes w ere g iv e n  960 g DM /head/day o f  s im i la r  cobs* The sheep 
w ere a g a in  g rab  sam pled and housed f o r  lam bing* When th e  cobs were 
g iv e n  th e y  w ere s p re a d  o u t o v e r a  l a r g e  a re a  o f  c le a n  ground each  day*
R esul t s
E xperim en t 4«1
The c o n c e n tr a te s  w ere t o t a l l y  consumed in  a b o u t 3 ,  5 and 10 
m in u tes  f o r  th e  84 g , 252 g and 504 g DM a l lo c a t io n s ^ r e s p e c t iv e l y .  A ll  
th e  sheep  came to  th e  tro u g h s  i r r e s p e c t i v e  o f  th e  q u a n t i ty  a l lo c a t e d  o r  
tro u g h  sp ace  a llo w a n c e , a l th o u g h  a t  th e  lo w e s t c o n c e n tr a te  a llo w a n c e  
g iv e n  w ith  th e  t i g h t e s t  t ro u g h  sp ace , s e v e r a l  in d iv id u a l s  q u ic k ly  
s to p p ed  com peting .
The mean, ran g e  and c o e f f i c i e n t  o f  v a r i a t i o n  f o r  f a e c a l  chrom ic 
o x id e  c o n c e n tra t io n s  a t  t h e  v a r io u s  tro u g h  space  a llo w a n c e s  and 
a l l o c a t i o n s  o f  c o n c e n tr a te s  d u r in g  E xpt 4*1 a r e  g iv e n  i n  T ab le  14»
The lo w e s t CV f o r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  (2 6 = 8 /) vras 
o b ta in e d  when 504 g c o n c e n tr a te  DM/head was g iv e n  a t  a  tro u g h  sp ace  
a llo w an ce  o f  53 cm /head ( th e  l a r g e s t  a l l o c a t i o n  o f  c o n c e n tr a te  g iv e n  a t  
th e  m ost gen ero u s t ï ‘ough sp ace  a l lo v /a n c e ) .  The h ig h e s t  CV f o r  f a e c a l
115.
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chronûc o x id e  c o n c e n tr a t io n  (7 3 « 6 /)  o c c u r re d  when th e  lo w e s t a l l o c a t i o n  
o f  c o n c e n tr a te  (84  g DM/head) was g iv e n  a t  th e  t i g h t e s t  tro u g h  sp ace  
a llo w a n c e  (33 cm /h ead ).
T here was a  te n d e n c y  f o r  th e  CV f o r  f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n  to  d e c r e a s e ,a s  amount o f  c o n c e n tra te  g iv e n  in c r e a s e d  a t  
a l l  tro u g h  sp ace  a llo w an ces*  % e n  th e  3 g rab  sam ples f o r  in d i v id u a l  
sheep  a t  each  tro u g h  sp ace  a llo w a n c e  w ere com bined t o g e t h e r , t h e  
r e s u l t i n g  CV f o r  f a e c a l  chrom ic oxi.de c o n c e n tr a t io n s  w ere 42»4 , 34*1 and 
2 9 *4 /  f o r  th e  84 , 252 and  504 g DM/head a l l o c a t io n s  o f  c o n c e n t r a te ,  
r e s p e c t iv e ly *
The in d i v id u a l  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  (mean o f  th e  
3 sam p les)jw h en  84 g c o n c e n tr a te  DM/head was g iv e n ,w e re  s i g n i f i c a n t l y  
( P < 0 * 0 l )  c o r r e l a t e d  ( r  =  0*44 and r  — 0*48 r e s p e c t iv e l y )  v d th  th e  
f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  f o r  in d iv id u a l  sh e e p , v/hen e i t h e r  252 
o r  50k g c o n c e n tr a te  DM/head was g iv e n .  The in d iv id u a l  f a e c a l  chrom ic 
oxj.de c o n c e n tr a t io n s  when 252 g c o n c e n tr a te  DM/head was g iv e n  v/ere a l s o  
s i g n i f i c a n t l y  ( P < 0 * 0 l )  c o r r e l a t e d  ( r  = 0«50) w ith  th o s e  when 504 g 
c o n c e n tr a te  DM/head was g iven*
T here  was a l s o  a te n d e n c y  f o r  th e  CV f o r  f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n  t o  in c r e a s e  a s  tro.ugli sp ace  a llo w an ce  d ec re ase d ^ w h ich  v/as 
m ost a p p a re n t  a t  th e  lo w er l e v e l s  o f  c o n c e n tr a te  a l l o c a t i o n  (8 4  and 
252 g DM/head)o When 504 g DM/head o f  c o n c e n tra te  was a l l o c a t e d  th e r e  
was l i t t l e  d i f f e r e n c e  i n  th e  CV f o r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  
a t  e i t h e r  th e  40  o r  33 cm /head tro u g h  sp ace  a llo w a n c e s  ( 37*9 and  3 4 *3 /  
r e s p e c t iv e l y ) ,  a l th o u g h  b o th  w ere g r e a t e r  th a n  th e  53 cm /head a llo w an ce  
(CV “  2 6 *8 / ) .  Wlien th e  3 g ra b  sam p les f o r  i n d i v id u a l  sheep  a t  each  
l e v e l  o f  c o n c e n tr a te  a l l o c a t i o n  w ere com bined to g e th e r ,  th e  r e s u l t i n g  
CV f o r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  w ere 32»3> 35*0 and 3 8 * 7 / 
f o r  th e  53, 40 and 33 cm /head tro u g h  sp ace  a l lo w a n c e s ^ r e s p e c t iv e ly .
The in d iv j .d u a l  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  (mean o f  3 
sam p les) when th e  c o n c e n tr a te  a l l o c a t i o n s  w ere g iv e n  a t  a  tro u g h  sp ace
1j 7
a llo w a n c e  o f  53 cm /head w ere s i g n i f i c a n t l y  (P <  0*001) c o r r e l a t e d  
( r  — 0 »6l  and 0 *58 ) w ith  th o s e  a t  t ro u g h  sap ce  a llo w a n c e s  o f  40 and 
33 c m /h e a d j ,re s p e c t iv e ly . The in d i v id u a l  f a e c a l  chrom ic oxf.de 
c o n c e n tr a t io n s  when th e  ewes w ere g iv e n  th e  c o n c e n tr a te  a l l o c a t io n s  
(mean o f  3 s a m p le s ) a t  a t ro u g h  sp ace  a llo w an ce  o f  40 cm /head w ere 
s i g n i f i c a n t l y  ( P < 0 * 0 l )  c o r r e l a t e d  ( r  -  0*54) w ith  th e  chrom ic o x id e  
c o n c e n tr a t io n s  a t  th e  33 cm /head sp ace  a llo w a n c e .
>er.iment 4»2
A ll  th e  ewes g iv e n  fe e d b lo c k s  o r  cobs a p p e a re d  to  have chrom ic 
oxi.de i n  th e  f a e c e s ,  a l b e i t  o n ly  a  sm a.ll amount i n  s e v e r a l  in s t a n c e s .
The mean d a i ly  DM in t a k e  (T a b le  15) o f  th e  RS fe e d b lo c k  w a^s 69 -  9 g /  
head  w hich was s i g n i f i c a n t l y  ( P < 0 » 0 l )  below  th e  in ta k e  o f  RHE ( l0 2  1*
7 g /h e a d )c  The mean d a i l y  in t a k e s  o f  t h e  W 290(74), ¥290 (7 6 ) and CSE 
fe e d b lo c k s  w ere 407 - 2 3 ,  457 -  22 and 462 t  13 g D M /h e a d ,re s p e c tiv e ly , 
a l l  a p p ro x im a te ly  o f  th e  same o r d e r .  F o r th e s e  s u b s t i t u t e - t y p e  
fe e d b lo c k s  th e  l e v e l  o f  i n t a k e  a t t a in e d  by th e  36 ewes r e q u i r e d  a new 
fe e d b lo c k s  to  be in t ro d u c e d  d a i l y .  The mean d a i ly  in t a k e  o f  th e  
¥291 ( 7 4 ) fe e d b lo c k  (304  -  50 g DM/head) was in te r m e d ia te  i n  l e v e l ,b e in g  
above t h a t  o f  th e  su p p le m e n t- ty p e  fe e d b lo c k s  b u t below  th e  s u b s t i t u t e -  
ty p e  b lo c k s .
The mean, ra n g e  and  CV fo r  f a e c a l  ch iom ic o x id e  c o n c e n tr a t io n s  
fo r  th e  v a r io u s  fe e d b lo c k s  o r  a l l o c a t i o n s  o f  cobs a r e  a l s o  g iv e n  i n  
T ab le  15 .
T here  was l i t t l e  d i f f e r e n c e  i n  CV f o r  f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n  f o r  t h e  RHE, ¥ 2 9 0 (7 4 ) and  ¥2 9 0 (7 6 ) fe e d b lo c k s  (5 3«7 ,
5 3 .0  and  5 4 * 4 / r e s p e c t i v e l y ) .  The CV f o r  th e  RS and ¥ 2 9 1 (7 4 ) 
fe e d b lo c k s  w ere a l s o  a p p ro x im a te ly  s im i l a r  ( 6 l * l  and 6 3 *2 / 5r e s p e c t iv e l y )  
though  h ig h e r  th a n  f o r  th e  RHE, ¥ 2 9 0 (7 4 ) and  ¥ 290 (76 ) f e e d b lo c k s .  The 
lo w e s t CV fo r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  (3 4 * 8 /)  was o b ta in e d  
w ith  th e  CSE fe e d b lo c k . The CVs f o r  f a e c a l  c h ro m e  o x id e  c o n c e n tr a t io n
118.
T ab le  15 . Expt 4 .2 .  Mean d a i l y  in t a k e s  o f  fe e d b lo c k s  o r cobs and mean. 
ran g e  and c o e f f i c i e n t  o f  v a r i a t i o n  f o r  f a e c a l  chroml.c o x id e  c o n c e n tr a t io n s
 J a e . c a l  I
Feed b lo c k s  g iv e n
RS
RHE
W 29l(74)
M Ita.J IB.Ii 1*1 «ü # J
¥ 2 9 0 (7 4 ) 
¥290 (76 ) 
CSE
Mean d a i l y  
in t a k e  g DM/head
Cobs
Cobs
69 'H
102 + 7 
304 + 50
407 t  23
457 ■- 22
462  +  13 
640 
960
F a e c a l  chrom ic o x id e  
c o n c e n tr a t io n s  g/lOO kg DM.
Mean
108 (3 2 )'^
Range
31 -  251
240 (3 3 ) 33 -  358
72 ( 3 1 ) 14 -• 202
183 (3 3 ) 50 -  542
528 (3 3 ) 91 “ 1013
426 ( 2 7 ) 121 -  686
178 ( 2 7 ) 54 “ 277
2 5 1 ( 2 4 ) 143 “ 406
CV/
61.1
53 e?
6 3 .2
5 3 .0
5 4 .4
3 4 .8
2 9 .5
2 7 .1
Number o f  f a e c a l  sam ples a n a ly s e d  (Mean 36 f o r  b lo c k s ,  34 f o r  co b s),
1 1 9 .
(29*5 and 2 7 * 1 / r e s p e c t iv e l y )  when th e  sheep  w ere g iv e n  e i t h e r  640 o r  
960 g DM/head from  co b s ,w ere  lo w er and  c o n se q u e n tly  in ta k e  was 
a p p a r e n t ly  more u n ifo rm ,th a n  when an y  o f  th e  fe e d b lo c k s  w ere g iven*
The i n d i v id u a l  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  when th e  sheep  
r e c e iv e d  th e  RS and RHE fe e d b lo c k s  w ere v e ry  c lo s e ly  c o r r e l a t e d  ( r  ~ 
0 .84 )9w h ich  was s i g n i f i c a n t  a t  P <  0*001. The f a e c a l  chrom ic 
c o n c e n tr a t io n s  when th e  sheep  w ere g iv e n  W290(76) w ere n o t  s i g n i f i c a n t l y  
c o r r e l a t e d  w ith  th e  chrom ic o x id e  c o n c e n tr a t io n s  when th e  sheep  r e c e iv e d  
e i t h e r  ¥ 2 9 0 (7 4 ) , ¥ 2 9 1 (7 4 ) o r  CSE. The f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n s  f o r  th e  ¥ 2 9 0 (7 4 ) fe e d b lo c k  w ere s i g n i f i c a n t l y  (P <  0*001) 
c o r r e l a t e d  ( r  — 0*81 and  0*66) m t h  th e  c o n c e n tr a t io n s  when th e  sheep  
r e c e iv e d  ¥291 (7 4 ) and CSE, r e s p e c t i v e l y .  The f a e c a l  chrom ic oxj.de 
c o n c e n tr a t io n  f o r  th e  ¥ 2 9 1 (7 4 ) fe e d b lo c k  was s i g n i f i c a n t l y  (P <  0*01) 
c o r r e l a t e d  ( r  =  0*52) w ith  th e  c o n c e n tr a t io n s  f o r  t h e  CSE feed b lo ck *
¥hen  th e  two, sam ples f o r  th e  R um evite ty p e  fe e d b lo c k s  (RS and RHE) 
w ere combined to g e th e r ^ th e  r e s u l t i n g  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  
w ere s i g n i f i c a n t l y  (P <  0*001 and P <  0*01) c o r r e l a t e d  ( r  — 0*80 and 0»69) 
w ith  t h e  c o n c e n tr a t io n s  f o r  th e  ¥291 (7 4 ) fe e d b lo c k  and th e  mean chromi.c 
o x id e  c o n c e n tr a t io n  f o r  th e  s u b s t i t u t e - t y p e  fe e d b lo c k s  com bined (¥ 2 9 0 (7 6 ) , 
¥ 290 ( 7 4 ) and CSE , r e s p e c t i v e l y ) .  The c o r r e l a t i o n  ( r  =  0*69) betw een 
f a e c a l  chrom ic c o n c e n tr a t io n s  f o r  th e  ¥291 (7 4 ) and s u b s t i t u t e - t y p e  
fe e d b lo c k s  com bined was a l s o  s i g n i f i c a n t  a t  P <  0*001,
The c o r r e l a t i o n  ( r  =  0 * 6 l)  betw een  th e  f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n s  when th e  sheep  r e c e iv e d  e i t h e r  64O o r  960 g DM/head o f  
cobs was s i g n i f i c a n t  a t  P <  0*01.
D isc u s s io n
E x p ts  4 .1  and 4=2 c o n s is te d  o f  17 d i f f e r e n t  p e rm u ta tio n s  o f  
g iv in g  e x t r a  n u t r i e n t s  to  th e  same group  o f  ewes* T h is  e n a b le d  a  
c o m p ara tiv e  a sse ssm e n t o f  in d i v id u a l  v a r i a t i o n  i n  in ta k e  ( f a e c a l  chrom ic 
o x id e  c o n c e n t r a t io n s )  fo r  'h a n d - f e e d in g ' (9  d i f f e r e n t  co m b in a tio n s  o f
120,
c o n c e n tr a te  and tro u g h  sp ace  a llo w an ce  and 2 a l l o c a t i o n s  o f  co b s)  to  
be made w ith  's e l f - f e e d in g * ,  when th e  ewes w ere g iv e n  6 d i f f e r e n t  
fe e d b lo ck s* em b rac in g  s e v e r a l  m a n u fa c tu r in g  te c h n iq u e s  and p h i lo s o p h ie s  
o f  u s e .  The r e s u l t s  o f  b o th  e x p e rim e n ts  have been  suim narised i n  F ig .4  
w hich shows th e  r e l a t i o n s h i p  betw een th e  mean q u a n t i ty  o f  DM consumed f o r  
th e  v a r io u s  m ethods o f  g iv in g  a d d i t i o n a l  n u t r i e n t s  and th e  c o e f f i c i e n t  o f  
v a r i a t i o n  f o r  i n d iv id u a l  i n t a k e .  As th e  c o n c e n tr a te s  ( d i f f e r e n t  l e v e l s  
o f  a l l o c a t i o n s  and tro u g h  sp ace  aU .ow ances,)^^ ind iv idual fe e d b lo c k s  and  cobs 
w ere o n ly  g iv e n  f o r  s h o r t  p e r io d s  o f  t im e ,  any t r a in in g *  o r  'a d a p t a t i o n '  to  
th e  p a r t i c u l a r  sy stem  o f  g iv in g  n u t r i e n t s  was p ro b a b ly  n o t  a llo w e d  to  
o c c u r . T here  may a l s o  have been  some c a r ry -o v e r  e f f e c t s  from  th e  p re v io u s  
t r e a tm e n ts .  However th e  lo w la n d  ewes em ployed in  E x p ts  4*1 and 4*2 w ere 
w e ll  u sed  to  r e c e iv in g  a d d i t i o n a l  n u t r i e n t s  i n  c o n c e n tr a te s  o r  fe e d b lo c k s  
and th e  in d iv id u a l  v a r i a t i o n  in  in ta k e  would aDmiost c e r t a i n l y  be g r e a t e r  
f o r  some o r  a l l  o f  th e  p e rm u ta tio n s  i f  l e s s  e x p e r ie n c e d  ewes had been 
u se d .
In  g e n e ra l  th e  r e s u l t s  te n d e d  t o  a g re e  w ith  th o s e  o f  P a r t s  A and B 
o f  t h i s  S e c t io r i j th a t  th e  g iv in g  o f  n u t r i e n t s  as  c o n c e n tr a te s  i n  tro u g h s  
r e s u l t s  i n  a  more u n ifo rm  ty p e  o f  in d i v id u a l  in t a k e , th a n  when s im i l a r  
q u a n t i t i e s  o f  DM a r e  ta k e n  from f e e d b lo c k s .  Only on one o c c a s io n  was th e  
CV f o r  fe e d b lo c k  in ta k e  l e s s  th a n  5 0 / (CSE, CV =  3 5 /)»  C o n v e rse ly ^ o n ly  fo r  
2 o f  th e  9 co m b in a tio n s  o f  c o n c e n tr a te  and tro u g h  sp ace  a llo w a n c e  was th e  
CV g r e a t e r  th a n  5 0 / ( i . e .  vri.th th e  s m a l l e s t584 g DM/head a llo w a n c e  o f  
c o n c e n t r a te s g g iv e n  a t  th e  m ost r e s t r i c t e d  tro u g h  sp a c e  a llo w a n c e s  o f  40 
a n d ,33 cm /h ead ). T here  was l i t t l e  d i f f e r e n c e  i n  in d i v id u a l  v a r i a t i o n  
when cobs w ere g iv e n g com pared to  a p p ro x im a te ly  s im i la r  q u a n t i t i e s  o f  
c o n c e n tra te ^ g iv e n  a t  a  g en ero u s  tro u g h  sp ace  a llo w a n c e  (53 cm /h ead ).
T here was a  te n d e n c y  f o r  in d i v id u a l  v a r i a t i o n  i n  in ta k e  to  
d e c re a s e  in v e r s e ly  w ith  in c r e a s in g  amount o f  D M ^ p a r tic u la r ly  when 'h a n d -  
feed ing*  was p r a c t i s e d .  T h is  t r e n d  was p ro b a b ly  n o t  c o m p le te ly  due to  
b io l o g ic a l  re a s o n s  b u t may a l s o  r e f l e c t  a r e d u c t io n  in  th e  e r r o r
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F i g .4 K xpts 4 .1  arid 4»2 l*he r e l a t i o n s h i p  betw een CV f o r  f a e c a l  
chrom ic o x id e  c o n c e n tr a t io n s  and  th e  mean q u a n t i ty  o f  DM consumed 
(g /h e a d /d a y )  a s  e i t h e r  ( a )  f e e d b lo c k s  (b )  c o n c e n tr a te s  a t  t ro u g h  
sp a c in g s  o f  3 3 , 40  and 53 cm /head and ( c )  c o b s .
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v a r i a t i o n  in h e r e n t  in  th e  e x p e r im e n ta l te ch n iq u e*  For exam ple, a s  th e  
in ta k e  o f  n u t r i e n t s  c o n ta in in g  chrom ic o x id e  i n c r e a s e ,  chrom ic o x id e  
c o n te n t o f  th e  fa e c e s  in c r e a s e s  i n  p r o p o r t io n  and any a n a l y t i c a l  e r r o r  
i s  d i l u t e d  by th e  l a r g e r  amount o f  chrom ic oxi.de i n  th e  faeces*
A lso  th e  in c lu s io n  r a t e s  o f  chrom ic o x id e  i n  th e  fe e d b lo c k s  b u t 
n o t th e  'h an d -fed *  su p p lem en ts  v a r ie d  ( 2 ”39 to  9*69 g chrom ic o x id e /k g )*  
Thus th e  su p p le m e n t-ty p e  (R im ie\d te) fe e d b lo c k s  a llo w ed  a  low er in t a k e  o f  
DM combined v /ith  a  lo w er in c lu s io n  o f  chrom ic o x id e  compared t o ,  f o r  
exam ple, th e  CSE fe e d b lo c k . I f  p o s s ib le  i t  would be an  ad v an tag e  to
have chrom ic o:>iide in c lu s io n  r a t e s  s ta n d a r d i s e d  f o r  th e  d i f f e r e n t
fe e d b lo c k  ty p e s .  N e v e r th e le s s ,  th e  g r e a t e s t  p ro p o r t io n  o f  t h i s  d e c re a se  
in  i n d iv id u a l  v a r i a t i o n  w ith  in c r e a s in g  in ta k e  m ust be a t t r i b u t a b l e  to  
b io l o g ic a l  c au ses  and r e f l e c t  a  r e a l  im provem ent in  u n ifo rm i.ty  o f  
s u p p le m e n ta tio n . The re a s o n s  f o r  t h i s  imiprovement m ust be in t im a te ly  
co n ce rn ed  w ith  th e 'b e h a v io iu ' o f  th e  ew es. I t  was n o t i c e a b le  t h a t  when 
o n ly  a  sm a ll amount o f  c o n c e n tr a te  (8 4  g DM/head) was g iv e n  ( e s p e c i a l l y
on a  ' t i g h t *  tro u g h  sp a c e  a l lo w a n c e )  th e  i n c l i n a t i o n  o f  some ewes to
com pete, q u ic k ly  waned and th e y  w alked  away from  th e  tro u g h s  and 
recommenced g ra z in g .  However, when l a r g e r  q u a n t i t i e s  o f  c o n c e n tra te  
w ere g iv e n  (252 and 504 g DM/head) th e  ' i n t e r e s t , '  o f  a l l  th e  sheep  in  
th e  food  was m a in ta in e d  f o r  a  much lo n g e r  p e r io d  u n t i l  v i r t u a l l y  a l l  
th e  c o n c e n tr a te  had  been  consum ed. T h e re fo re ,  a t  th e  lo w e s t c o n c e n tr a te  
a l l o c a t i o n  th e  'g reed y *  (more c o m p e ti t iv e )  ewes consumed a 
d i s p r o p o r t i o n a te ly  l a r g e  amount o f  th e  t o t a l  q u a n t i ty  g iv e n ,w h i l s t  th e  
l e s s  c o m p e tit iv e  sheep  consumed o n ly  sm a ll q u a n t i t i e s ,  th e  n e t  e f f e c t  
r e s u l t e d  i n  in c re a s e d  i n d i v id u a l  in ta k e  v a r i a t i o n  th a n  when l a r g e r  
q u a n t i t i e s  o f  c o n c e n tr a te  w ere g iv e n .
In  p r a c t i c e ,  i t  i s  seldom  t h a t  a  q u a n t i ty  o f  DM a s  low  a s  84 g /  
head  (3 o z s /h e a d )  i s  g iv e n  to  sheep  a s  a  c o n c e n tr a te  and th e r e f o r e  
a l th o u g h  a  u s e f u l  com parison  w ith  th e  fe e d b lo c k s  s u p p ly in g  e q u iv a le n t
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DM i t  i s  somewhat a r t i f i c i a l  i n  o th e r  r e s p e c ts *
As e x p e c te d , in d i v id u a l  v a r i a t i o n  in  c o n c e n tr a te  I n ta k e  became 
g r e a t e r  a s  tro u g h  sp ace  became l im i t in g *  At th e  lo w e s t (84  g DM/head) 
a l l o c a t i o n  o f  c o n c e n tr a te  th e  in d iv id u a l  v a r i a t i o n  a t  g en e ro u s  (53 cm/ 
h ead ) sp ace  a llo w an ce  was s u p e r io r  to  th e  su p p le m e n t- ty ^ e  fe e d b lo c k s .
At a v e ra g e  (40  cm /head) sp ace  a llo w a n c e  th e r e  was l i t t l e  d i f f e r e n c e  and 
a t  r e s t r i c t e d  sp ace  a llo w a n c e  (33 cm /head) th e  in d i v id u a l  v a r i a t i o n  f o r  
th e  su p p lem en t-t)rp e  fe e d b lo c k s  was l e s s  th a n  f o r  c o n c e n t r a te s .
A t th e  252 g DM/head c o n c e n tr a te  a l l o c a t i o n  th e r e  was l e s s  
d i f f e r e n c e  i n  in d i v id u a l  v a r i a t i o n  f o r  th e  v a r io u s  sp a c e  a llo w a n c e s  b u t 
th e  ra n k in g  f o r  m agn itude  o f  in d i v id u a l  v a r i a t i o n  s t i l l  v a r ie d  
p r o p o r t i o n a l ly  iv ith  sp ace  a llo w an ce*  The in d iv id u a l  in t a k e  v a r i a t i o n  
was much s u p e r io r  to  th e  W 29l(74) fe e d b lo c k  w hich s u p p l ie d  ap p rox im ate l^ r 
th e  same mean DM in ta k e  (252  and 304 g /h e a d  f o r  c o n c e n tr a te  and b lo ck ^  
r e s p e c t iv e l y )  *
The im p o rta n c e  o f  tro u g h  sp ace  a llo w an ce  a p p e a re d  to  be 
c o n s id e ra b ly  l e s s  when th e  h ig h e s t  a l l o c a t i o n  o f  c o n c e n tr a te  (504  g DM/ 
h ead ) was g iven* The g en e ro u s  sp ace  a llo w a n c e  (53 cm /head) gave th e  
m ost u n ifo rm  ty p e  o f  in ta k e  b u t th e  r e s t r i c t e d  and a v e ra g e  tro u g h  
a llo w a n c e s  (33 and 40  cm /head r e s p e c t iv e l y )  showed l i t t l e  d i f f e r e n c e  i n  
p r e c i s i o n  o f  in t a k e  ( th e  r e s t r i c t e d  was i n  f a c t  s l i g h t l y  s u p e r io r  to  
th e  avei'age  a l lo w a n c e ) .  O nly th e  CSE fe e d b lo c k  o f  th e  3 s u b s t i t u t e -  
ty p e  b lo c k s  a llo w ed  a u n i f o r m  t y  i n  i n  ta. ke o f  th e  same o r d e r ,  a s  when 
MÎ a p p ro x im a te ly  s i m i l a r  q u a n t i ty  o f  DM was consumed from  tro u g h s  (462 
a n d , 504 g D M /h e a d jre sp e c tiv e ly )* Even th e n  th e  g en ero u s  sp ace  a llo w a n c e  
was s u p e r io r  i n  te rm s o f  u n i f o r m ty  to  th e  (CSE) b lock*
The 'h a n d - f e e d in g ' o f  a d d i t i o n a l  n u t r i e n t s  a s  cobs was a l s o
s u p e r io r  to  th e  's e l f - f e e d i n g '  o f  a p p ro x im a te ly  s im i l a r  q u a n t i t i e s  o f  
DM a s  fe e d b lo c k s  (W 290(76), W 290(?4) and CSE).
One o f  th e  o b je c t iv e s  o f  E xp ts  4*1 and  4*2 was to  d is c o v e r  i f
th e  ran lc ing  o f  i n d i v id u a l  DM in t a k e s  when 'h a n d - f e e d in g ' was p r a c t i s e d
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was i n  th e  same o rd e r , a s  when s im i l a r  t o t a l  q u a n t i t i e s  o f  DM w ere 
consumed by th e  same group o f  sheep  from  fee d b lo c k s*  As i t  was shovm 
t h a t  th e  in d i v id u a l  in t a k e s  ( f a e c a l  chromic- o x id e  c o n c e n t r a t io n s )  o f  th e  
su p p lem en t“ ty p e  (RS and RHE) fe e d b lo c k s  w ere c lo s e ly  c o r r e l a t e d  th e  two 
sam ples w ere com bined. L ik ew ise  b eca u se  th e  W 290(76), ¥290 (74 ) and CSE 
fe e d b lo c k s  gave mean in ta k e s  a p p ro x im a te ly  s im i l a r  in  m agn itude and th e  
in d i v id u a l  in ta k e s  f o r  th e  l a t t e r  two b lo c k s  w ere c l o s e l y  c o r r e l a t e d ,  
th e  f a e c a l  chrom ic oxi.de c o n c e n tr a t io n s  w ere combined*
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een th e  in d iv id u a l  
in ta k e s  (mean o f  2 sam p le s)  o f  th e  su p p le m e n t- ty p e  fe e d b lo c k s  (RS and 
RHE) and when an  a p p ro x im a te ly  e q u iv a le n t  ajrioimt o f DM (84 g /h e a d )  was 
g iv en  a s  c o n c e n tr a te s  i n  tro u g h s  (mean o f  3 s a m p le s ) . T here w ere a l s o  
no s i g n i f i c a n t  c o r r e l a t i o n s  betw een th e  in d iv i.d u a l in ta k e s  ( f a e c a l  
chrom ic o x id e  c o n c e n t r a t io n s )  f o r  th e  ¥ 291 (74 ) fe e d b lo c k  and th e  
in te r m e d ia te  amount o f  c o n c e n tr a te  (252  g DM/head) g iv e n  i n  tro u g h s*
The c o r r e l a t i o n  betw een th e  i n d i v id u a l  in ta k e s  o f  th e  s u b s t i t u t e - t y p e  
fe e d b lo c k s  and  when 504 g DM/head was a l l o c a t e d  i n  tro u g h s  (b o th  mean 
o f  3 sam p les) was a l s o  n o t  s i g n i f i c a n t .  However th e  i n d iv id u a l  in t a k e s  
when 640 g DM/head was g iv e n  a s  cobs was s i g n i f i c a n t l y  ( P < 0 ‘ 0 l )  
c o r r e l a t e d  ( r  -  0»54) v rith  th e  in t a k e s  when th e  504 g DM/head a l l o c a t i o n  
o f  c o n c e n tr a te  was 'h a n d - f e d . '
T h e re fo re  t h e  f a c t o r s  w hich d e te rm in e  th e  ra n k in g  o f  i n d iv id u a l  
in t a k e s  in  a  g roup o f  sheep when 'h a n d - f e e d in g ' ( c o n c e n tr a te s  o r  cobs) 
i s  p r a c t i s e d  a r e  c o m p le te ly  d i f f e r e n t  from  th e  f a c t o r s  w hich in f lu e n c e  
th e  ra n k in g  when ' s e l f - f e e d i n g '  i s  p r a c t i s e d .  T h is  i s  in  ag reem en t w ith  
E xpt 2 ,1 ,  ¥hen  d e n ta l  s t a t u s  was shown to  be a  v e ry  im p o r ta n t  f a c t o r  i n  
d e te rm in in g  th e  i n d i v id u a l  in t a k e  o f  fe e d b lo c k s  b u t o f  l i t t l e  consequence 
f o r  'h a n d - f e d ' fo o d s .
The r e s u l t s  o f  th e  e x p e rim e n ts  d e s c r ib e d  h e re  a g a in  f a i l e d  to  
s u b s t a n t i a t e  th e  c la im  t h a t  b eca u se  ' s e l f - f e d '  fo o d s such  as  fe e d b lo c k s  
a r e  c o n s ta n t ly  a v a i l a b l e  to  th e  a n im a ls  th e y  a llo w  a  more u n ifo rm  ty p e
12/,
o f  in t a k e  to  be e f f e c t e d  th a n  'h a n d -fe d *  n u t r i e n t s , I t  was o n ly  when a 
v e ry  sm a ll amount o f  c o n c e n tr a te  DM was g iv e n  and tro u g h  sp ace  became 
s e v e r e ly  l i m i t i n g  t h a t  fe e d b lo c k s  gave a  more p r e c i s e  t^^pe o f  
s u p p le m e n ta tio n  th a n  c o n c e n tr a te s  g iv e n  i n  tro u g h s*  As s t a t e d  e a r l i e r  
i t  i s  r a r e l y  d e s i r e d  to  g iv e  such  a  sm a ll amount o f  c o n c e n tr a te  i n  
p r a c t i c e  and o n ly  when management i s  p a r t i c u l a r l y  bad would th e  
r e s t r i c t i o n  on tro u g h  sp ace  be a s  s e v e re  a s  th e  ' t i g h t e s t '  a llo w a n c e  
u sed  h e r e .  Of a l l  th e  fe e d b lo c k s  u sed  th e  CSE a p p e a re d  to  be th e  m ost 
l i k e l y  to  g iv e  a  r e l a t i v e l y  u n ifo rm  in t a k e  on p a r  vD.th ' hand f e e d in g , ' 
T h is  i s  in  ag reem en t v /ith  P a r t  B, E xpt 3 .2  o f  tlx ls  S e c t io n  when CSE 
fe e d b lo c k s  a l s o  gave more u n ifo rm  in ta k e s  th a n  th e  o th e r  fe e d b lo c k s  
s tu d ie d .
1 2 5 .
D The in d i v id u a l  v a r i a t i o n  in  fe e d b lo c k  in ta k e  fo r  g r oups of_she_ep 
c o n ta in in g  m a tu re  and 2 -y e a r  o ld  ewes (g jjim ers) o u td o o rs  in  l a t e
Rie^nancy
A c la im ed  ad v an tag e  f o r  th e  u se  o f  fe e d b lo c k s  i s  t h a t  th e y  
en co u rag e  ' s h y - fe e d e rs , ' p a r t i c u l a r l y  2 -y e a r  o ld  ewes ( g inm ers ) t o  consume 
su p p lem en ta ry  n u t r i e n t s .  , T r a d i t i o n a l ly  a  's h y - f e e d e r ’ i s  an  an im a l w hich 
r e f u s e s  to  com pete f o r  n u t r i e n t s  g iv e n  i n  tro u g h s  and a.s a r e s u l t  may 
s e r io u s ly  lo s e  body c o n d itio n *  H i l l  b re e d s  o f  sh eep  such  as  th e  S c o t t i s h  
B la c k fa c e , S w a led a le  and W elsh M ountain  a r e  n o to r io u s  f o r  t h e i r  
r e lu c ta n c e  to  consume su p p le m e n ta ry  feed s*  Even in  c ro s s -b re d  f lo c k s ,  
th e  gjjnmers a r e  som etim es slow  to  make u se  o f  t ro u g h -g iv e n  su p p lem en ts  
and th e  n u t r i t i o n a l  p e n a l ty  im posed on th e  s t i l l  grovfing sheep  i n  l a t e  
p reg n an cy  can be s e v e r e .
S e v e ra l  e x p e rim e n ts  w ere c a r r i e d  o u t w ith  th e  o b je c t iv e  o f  
m e asu rin g  th e  i n d i v id u a l  v a r i a t i o n  in  fe e d b lo c k  in t a k e  f o r  f lo c k s  o f  
ewes c o n ta in in g  a  p r o p o r t io n  o f  2 -y e a r  o ld  ewes* These w ere c a r r i e d  o u t 
un d er b o th  lowland, and  h i l l  c o n d i t io n s ,
Expe rb n e n t 5*1 * The in d i v id u a l  in ta k e  v a r i a t i o n  f o r  m a tu re  and 2 -y e a r  
o ld  ewes g iv en  W290(76) u n d e r lo w la n d  c o n d i t io n s
M a te r ia ls  and M ethods
The expelim e n t was c a r r i e d  o u t  duriuig F e b ru a ry  and March 1976 on 
th e  U n iv e r s i ty  o f  Glasgow Farm ^which i s  t y p i c a l  o f  many lo w la n d  u n i t s  
i n  th e  a re a ^ w ith  a  f lo c k  o f  100 G rey face  ewes o f  w hich 20 w ere 2 -y e a r  
o ld s .  The e x p ec ted  s t a r t  o f  lam bing  was a p p ro x im a te ly  S M arch, The 
ewes w ere a llo w ed  a c c e s s  to  an  area, o f  a p p ro x im a te ly  17 h a . All. th e  
ewes p o s s e s s e d  a  f u l l  com plim ent o f  i n c i s o r  t e e t h  fo r  t h e i r  r e s p e c t iv e  
ag es  o
F our ¥ 290 ( 7 6 ) fe e d b lo c k s  w ere made a v a i l a b l e  on th e  31 Ja n u a ry  
and new b lo c k s  w ere in t ro d u c e d  to  m a in ta in  a q u a n t i ty  o f  b lo c k  m a te r i a l  
a v a i l a b l e  to  th e  ewes w e l l  in  e x c e ss  o f  th e  p re v io u s  days consum ption .
126.
The ¥ 290 ( 7 6 ) fe e d b lo c k s  contf.u.ned 4 " I 6 g chcomum oxd.de/kg DM*
F o u rte e n  and 28 days a fte i*  in t r o d u c in g  th e  fe e d b lo c k s  th e  ewes wore 
penned and r e c t a l  g rab  sam ples o b ta in e d  from  a s  many . in d iv id u a l  ewes as  
p o s s ib le  on each  occasio n *
R e s u lts
The mean d a i ly  in ta k e  o v e r  th e  d u r a t io n  o f  th e  E xpt was 544 -  1 7 '2 g *  
T here was no p r o g r e s s iv e  in c r e a s e  i n  fe e d b lo c k  in ta k e s  a s  th e  lam bing  
d a te  approached*
T ab le  l6* E.xot 5*1 » I n d iv id u a l  v a r j .a t io n  in  fe e d b lo c k  in ta k e  f o r  a 
lovnland f lo c k  c o n ta in in g  a  p ro p o r t io n  o f  2 -y e a r  o ld  ewes
M ature ewes 2 -y e a r  o ld  ev/es A ll  ewes
+ 4-Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2
Nos. 77 64 14 12 91 76
F a e c a l chrom ic 
o.xi,de
g/lOO kg DM
428±27 505^33 I6 9 ± 6 l 171±64 388±27 453±32
CV/ 56 54 135 129 66 6.4
/ o f  in d iv id u a l  
v a lu e s  <  Ig  
chrora-ic o x id e /  
100 kg DM
1=3 6=3 50 50 8=8 13
14 and 28 d a y s , r e s p e c t i v e l y ,
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f i f t y  p e r c e n t  o f  th e  2 -y e a r  o ld  ewes sam pled , 7 and 6 in d iv id u a l s  
f o r  sam ples 1 and 2 , r e s p e c t iv e ly j ,  had i n s i g n i f i c a n t  am ounts o f  chrom ic 
o x id e  i n  t h e i r  f a e c e s  and  w ere judged  n o t be be consum ing fe e d b lo c k s  
(T ab le  l6 )«  The p r o p o r t io n  o f  m atu re  ewes n o t  ccnsuraing fe e d b lo c k s  (1 and 
G% f o r  th e  r e s p e c t iv e  sa m p lin g s )  was much low er^ The m a tu re  ewes had 
s i g n i f i c a n t l y  (P <  0*001) h ig h e r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  th a n  
th e  2 -y e a r  o ld  sheep  a t  b o th  sam p lin g  p e r io d s .  However, when th e  2 -y e a r  
o ld  ewes w hich w ere e v id e n t ly  n o t consum ing b lo c k  w ere e lim i.n a ted  from  
th e  d a t a ,  th e  mean c o n c e n tr a t io n s  330  t  Ô8 and 326 t  91 f o r  sam p lin g s 
1 cind 2 r e s p e c t iv e l y  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  v a lu e s  fo r  
th e  m a tu re  ewes*
E xperim en t 3*2* The in d i v id u a l  in t a k e  v a r i a t i o n  f o r  m a tu re  and 2 -y e a r  
o ld  ewes g iv e n  RS fe e d b lo c k  u n d er h i l l  c o n d it io n s
M a te r ia ls  and Methods
The ex p erim en t was c a r r i e d  o u t  on th e  West o f  S c o tla n d  C o lle g e  o f  
A g r ic u l tu r e  h i l l  farm  a t  C r ia n la r i c h ,  A r g y l l s h i r e ,  K ir to n  Farm i s  
a p p ro x im a te ly  120 ha i n  a r e a  w ith in  a  r in g  fen ce  and  r i s e s  from  222 to  
740 m w ith  a  r a i n f a l l  o f  40 cm pe r  annum. The farm  o u tw in te r s  ab o u t
600 S c o t t i s h  B la ck face  ewes w ith  a  lam bing  r a t e  o f  9 4 ^ . T here was v e ry
] _ i t t l e  roughage a v a i l a b l e  d u r in g  th e  w in te r  due to  th e  two p a s tu r e  
sy stem  b e in g  o p e ra te d  w hich removed m ost o f  th e  g ra s s  i n  th e  summer.
The a n a ly s i s  o f  a  co m posite  sam ple o f  th e  roughage gave 57*3 g CP and
341*6  g C F/kg,
R3 fe e d b lo c k  was g iv e n  on th e  h i l l  d u r in g  w in te r  and th e  le a n e r  
ewes w ere p r o g r e s s iv e ly  drawn on to  th e  lo w er ground f o r  more i n t e n s iv e  
h u sb an d ry . The b lo c k s  w ere s i t e d  a t  i n t e r v a l s  o v e r th e  h i l l  and 3 
b lo c k s  w ere p u t  doivn a t  each s i t e .  New b lo c k s  w ere in t ro d u c e d  when 
n e c e s s a ry  so t h a t  th e  ad  l i b i tu m  s i t u a t i o n  was m a in ta in e d .
On th e  15 March 1976, 412 ewes w ere l e f t  on th e  h i l l  a f t e r  th e
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f i r s t  draw o f  p o o re r  ew es. The mean d a i ly  consum ption  o f  th e  RS b lo c k  
was a p p ro x u n a te ly  83 g DM/head w ith  no o th e r  form  o f  s u p p le m e n ta tio n  
g iv e n , RHE fe e d b lo c k s  c o n ta in in g  chrom ic o x id e  ( 3 “63 g /k g )  w ere now 
in t ro d u c e d .
On th e  29 M arch, fa e c e s  w ere o b ta in e d  from  80 o f  th e  ewes by g ra b  
sam p ling  and th e  fa e c e s  a n a ly se d  f o r  chrom ic o x id e . At t h i s  tim e  30^ 
o f  th e  ewes w ere i n  to o  p o o r c o n d i t io n  t o  s ta y  on th e  h i l l  and w ere 
d r a f t e d  to  lo w er a r e a s .  An a s s e s sm e n t o f  th e  body c o n d i t io n  o f  th e  
ewes was made and  th e  ewes d iv id e d  i n t o  two c a te g o r ie s  m o d e ra te  and 
t h i n  c o n d i t io n .
R e s u l ts
The in d i v id u a l  v a r i a t i o n s  i n  f a e c a l  chrom ic o x id e  ( i n d i c a t i v e  o f  
R1-ÎE fe e d b lo c k  in t a k e )  f o r  b o th  m a tu re  and 2 -y e a r  o ld  ewes i n  e i t h e r  
m o d e ra te  o r  t h i n  c o n d i t io n  a r e  g iv e n  i n  T ab le  17 , The o v e r a l l  CV f o r  
f a e c a l  chrom ic o x id e  v a r i a t i o n  was 137^* The ewes in  m o d era te  c o n d i t io n  
had s i g n i f i c a n t l y  (P <  0*03) g r e a t e r  f a e c a l  chrom ic o x id e  c o n c e n t r a t io n s ,  
th a n  ewes c o n s id e re d  to  be i n  t h i n  c o n d i t io n .  Tw o-year o ld  ewes i n  
m o d era te  c o n d i t io n  had h ig h e r  (64  v , 3 6 ) mean f a e c a l  chrom ic o x id e  
c o n te n ts  b u t th e  d i f f e r e n c e  was n o t s i g n i f i c a n t .
A p p ro x im ate ly  h a l f  th e  ewes sam pled  ap p ea red  to  be consum ing 
l i t t l e  o r  no fe e d b lo c k .  Most o f  th e  2 -y e a r  o ld  ewes (8 8 ^ ) and a  l a r g e  
p r o p o r t io n  o f  th e  m a tu re  ewes {53%) i n  t h i n  c o n d i t io n  had f a e c a l  
ch rom ic o x id e  c o n te n ts  o f  l e s s  th a n  1 g /k g  DM, Of th e  w hole f lo c k ,  th e  
p e rc e n ta g e  o f  ewes w ith  f a e c a l  chrom ic o x id e  v a lu e s  l e s s  th a n  1 g /k g  DM 
\fas 32 and 70% f o r  th e  ewes i n  m o d e ra te  and t h i n  c o n d i t io n s ,  r e s p e c t iv e ly ,  
T here  v/a.s no s i g n i f i c a n t  d i f f e r e n c e  i n  f a e c a l  chrom ic o x id e  v a lu e s  f o r  
m a tu re  ewes i n  m o d e ra te  c o n d i t io n  and 2 -y e a r  o ld  ewes in  m o d era te  
c o n d i t io n ,n o r  f o r  th e  m a tu re  and 2 -y e a r  o ld  ewes i n  t h i n  c o n d i t io n .
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T ab le  17 . E xot 5 .2 .  I n d iv id u a l  v a r i a t i o n  in  f e e d b lock i n ta k e  f o r  a 
h i l l  f lo c k  c o n ta in in g  a p r o p o r t io n  o f  2 -y e a r  o ld  ewes
M oderate  c o n d i t io n  Thin c o n d i t io n
Ewes M ature A ll  M ature ^-^year O v e ra l l
o ld  o ld  mean
Nos 32 15 47 17 16 33 80
^ ^ ld e ^ g /1 0 0  82±16 64+17 76±12 3 2 Î1 4  36±20 34^13 41'-6
GV% 100 103 108 180 256 220 137
/  o f  in d i v id u a l
v a lu e s  <  Ig  chrom ic 31 33 32 53 88 70 48
o x id e /k g  DM
D is c u s s io n
In  th e  lo w lan d  s i t u a t i o n  (E x p t 5 .1 )  m ost o f  th e  m a tu re  G rey face  
ewes ap p ea red  to  be consum ing th e  W 290(74) fe e d b lo c k s  g iv e n  b u t o n ly  
a b o u t h a l f  o f  th e  2 -y e a r  o ld  ewes w ere consum ing b lo c k . In  th e  h i l l  
s i t u a t i o n  (E x p t 5 .2 )  when th e  S c o t t i s h  B la c k fa c e  ewes w ere g iv e n  RHE 
fe e d b lo c k s jo n ly  h a l f  th e  ewes sam pled ap p ea red  to  be consumi.ng fe e d b lo c k , 
These in c lu d e d  a  c o n s id e ra b le  p r o p o r t io n  o f  b o th  m a tu re  and 2 -y e a r  o ld  
ewes i n  th e  f lo c k .  T here  was a  te n d e n c y  fo r  th e  m a jo r i ty  o f  t h i n  ewes 
i n  b o th  age g ro u p s to  have lo w er f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  and 
a  g r e a t e r  p r o p o r t io n  o f  in d i v id u a l s  w ith  an  i n s i g n i f i c a n t  amount o f
1 3 0 .
chrom ic o x id e  i n  th e  f a e c e s  * H ow ever^it was n o t known i f  th e s e  ewes w ere 
i n i t i a l l y  t h i n  o r  th e y  became t h i n  b eca u se  o f  t h e i r  a p p a re n t  f a i l u r e  to  
consume th e  b lo c k s .  S im i la r ly ,  f o r  th e  h i l l  sheep  i n  m o d e ra te  c o n d i t io n ,  
t h e i r  s u p e r io r  c o n d i t io n  m ig h t have been  due to  t h e i r  a p p a r e n t ly  h ig h e r  
fe e d b lo c k  in t a k e  o r  a l t e r n a t i v e l y  th e y  may have commenced th e  w in te r  i n  
b e t t e r  c o n d i t io n  and m a in ta in e d  t h i s  in d e p e n d e n tly  from  th e  block®
The f in d in g s  o f  E xpt 5*2 s t im u la te d  th e  e x te n s iv e  e v a lu a t io n  o f  
d i f f e r e n t  fe e d b lo c k  t^ 'p es  on th e  p e rfo rm a n ce  o f  h i l l  ewes, a s  b r i e f l y  
o u t l in e d  i n  th e  g e n e ra l  d i s c u s s io n  f o r  t h i s  s e c t i o n .
A lthough  no co m p a ra tiv e  s tu d ie s  w ere c a r r i e d  o u t  i n  Ex^ot 5*1 and 
5o2 w ith  s im i l a r  ewes g iv e n  tro u g h  su p p lem en ts , th e  r e s u l t s  in d i c a te d  
t h a t  i t  i s  wrong to  assum e t h a t  fe e d b lo c k s  e l im in a te  th e  p ro b lem  o f  
*s h y .- fe e d e rs , ' However in  th e  few weeks b e fo re  th e  s t a r t  o f  E xpt 5*1 
i t  was o b se rv ed  t h a t  th e  2 -y e a r  o ld  sheep  w ere n o t  consum ing tro u g h -  
g iv e n  concen trates* .,w hich  w ere  r e a d i l y  a c c e p te d  by th e  o ld e r  sheep*
I t  i s  p ro b a b le  t h a t  a  l a r g e  p r o p o r t io n  o f  th e  sheep  n o t consum ing 
f e e d b l o c k s ,p a r t i c u l a r l y  i n  th e  h i l l  s i t u a t i o n  a l s o  would n o t  consume 
su p p lem en ta ry  n u t r i e n t s  from  t r o u g h s .  I t  i s  u n l ik e ly  how ever t h a t  th e  
p o rp o r t io n  w ould be i n  e x c e ss  o f  th e  number o f  ' s h y - f e e d e r s ,* re c o rd e d  
h e re  f o r  th e  b lo c k s .  In  th e  lo w land  s i t u a t i o n  (E xp t 5 * l)  i t  was m a in ly  
th e  2 -y e a r  o ld  ewes w hich f a i l e d  to  consume b lo c k s ,  f o r  th e  h i l l  
s i t u a t i o n  many o f  th e  m a tu re  ewes w ere a l s o  ’ shy -feed ers® ^
I t  w ould be im p o r ta n t  to  d is c o v e r  i f  by u s in g  a  more p a l a t a b l e  
b lo c k , p a r t i c u l a r l y  f o r  th e  h i l l  s i t u a t i o n ,  a  g r e a t e r  p r o p o r t io n  o f  
th e  ewes w ould m a in ta in  c o n d i t io n  and co u ld  t h e r e f o r e  be l e f t  on th e  
h i l l ,  th u s  f r e e in g  th e  in -b y e  a r e a s  f o r  o th e r  u se s  and f o r  r e s t r i c t i n g  
th e  p u rc h a se  o f  b ro u g h t i n  ro u g h ag e . These a s p e c ts  r e q u i r e  f u r t h e r  
s tu d y .
11]
E The i n d i v i d u a l i n t a k e v a r i a t i o n  fo r  fe e d b lo c k s  and c o n c e n tra t e s
g iv e n  in  t ro u g h s  f o r  c a t t l e
The r e s u l t s  o f  P a r t s  A, B and C o f  t h i s  s e c t io n  f a i l e d  c,o 
s u b s t a n t i a t e  th e  c la im  t h a t  th e  ' s e l f - h e l p , '  sy stem  o f  p ro v id in g  e x t r a  
n u t r i e n t s  i n  b lo c k  form  was a  more p r e c i s e  means o f  su p p lem en tin g  s to c k  
th a n  c o m p e ti t iv e  tro u g h  feeding®  In  f a c t  th e  'h a n d - f e e d i n g , ' system  
( t ro u g h s )  showed in v a r i a b ly  l e s s  in d i v id u a l  v a r i a t i o n  i n  supp lem en t 
in ta k e ^ th a n  when e q u iv a le n t  am ounts o f  DM w ere ta k e n  from  feedblocks®  
When th e  amount o f  tro u g h  sp ace  p e r  head  was r e s t r i c t e d  and c o m p e tit io n  
in c r e a s e d 51 th e  amount o f  v a r i a t i o n  f o r  th e  c o n c e n tr a te  supp lem en ted  
a n im a ls  in c re a s e d *  Even u n d er th e s e  c irc u m s ta n c e s  th e re  was u s u a l ly  
l e s s  in d i v id u a l  in ta k e  v a r i a t i o n  f o r  tro u g h  g iv e n  c o n c e n t r a te s .
A ll  t h i s  in fo rm a tio n  was com piled  u s in g  sh e e p . P a r t  E o f  t h i s  
s e c t io n  was co nce rned  w ith  com paring th e  in d iv id u a l  v a r i a t i o n  in  in t a k e  
f o r  th e  fe e d b lo c k , c o n c e n tr a te s  ( t r o u g h s )  and cob te c h n iq u e s  o f  
su p p lem en tin g  c a t t l e *  The p r o p o r t io n  o f  any group o f  c a t t l e  r e f u s in g  
to  consume fe e d b lo c k  i n  a  g iv e n  s i t u a t i o n  v/as a l s o  s tu d ie d  in  P a r t  E. 
I n d iv id u a l  in t a k e  e s t im a t io n s  and com parisons w ere made u n d er a  v a r i e t y  
o f  c irc u m s ta n c e s  u s in g  c a t t l e  o f  d i f f e r e n t  b re e d s , a g e s ,  l i v e  w e ig h ts  
and p h y s io lo g ic a l  c o n d i t io n .  In  v i . r tu a l ly  a l l  c a se s  e s t im a te s  o f  
i n d i v id u a l  supp lem en t in ta k e s  w ere made u s in g  r e c t a l  g ra b  sam p le s .
The v a l i d i t y  f o r  u s in g  t h i s  te c h n iq u e  and  th e  l i k e l y  d eg ree  o f  
a c c u ra c y  o b ta in e d  a r e  d is c u s s e d  i n  E xp t 1 .4  ( i n t r o d u c t io n ,  m a te r ia l s  
and m e th o d s ) . I t  was shovm t h a t  th e  chrom ic o x id e  c o n c e n tr a t io n  i n  
even a s in g le  r e c t a l  g rab  sam ple was a  v e ry  good in d i c a t i o n  o f  r e l a t i v e  
fe e d b lo c k  in ta k e  w i th in  th e  g ro u p .
A s e r i e s  o f  sm a ll  t r i a l s  w ere c a r r i e d  o u t to  r e c o rd  in d iv id u a l  
v a r i a t i o n  in  fe e d b lo c k  in t a k e  by c a t t l e  in c lu d in g  th e  p r o p o r t io n  o f  
a n im a ls  c o m p le te ly  r e f u s in g  to  consume fe e d b lo c k . A l l  th e  fe e d b lo c k s  
u sed  c o n ta in e d  chrom ic o x id e  (7*98 g chrom ic o x id e /k g  DM fo r  W 29l(76),
:3 2 .
9*51 g chrom ic o x ld e /k g  DM f o r  th e  CSE), The im p o r ta n t  d e t a i l s  o f  
th e s e  t r i a l s  a r e  p r e s e n te d  i n  T ab le  18® F u r th e r  d a ta  on th e  i n d i v id u a l  
v a r i a t i o n  in  fe e d b lo c k  in t a k e  by c a t t l e  a r e  g iv e n  l a t e r  i n  th e  t h e s i s  
( s e e  p a r t i c u l a r l y  S e c t io n  2 , E xpt 7 .2  and S e c tio n  3 « T a b le s  11*1 and 
11 , 2)0 The r e s u l t s  o u t l in e d  in  T ab le  18 su g g e s t t h a t  i t  i s  i n c o r r e c t  
to  assume t h a t  a l l  c a t t l e  w i l l  consume fe e d b lo c k s . F or exam ple n e a r ly  
50% o f  th e  s u c k le r  cows g iv e n  b’2 9 l(7 6 )  had f a e c a l  chrom ic o x id e  
c o n c e n tr a t io n s  l e s s  th a n  10^ o f  th e  group mean and w ere consum ing 
l i t t l e  o r  no b lo c k . At su b se q u e n t sam p lin g  d a te  (Oan 1977) o n ly  2 cows 
had f a e c a l  chromj.c oxj.de c o n c e n tr a t io n s  l e s s  th a n  1 0 / o f  th e  mean. In  
ev e ry  s i t u a t i o n  w here an e s t im a te  o f  in d i v id u a l  v a r i a t i o n  v/as made, one 
o r  more in d j .v id u a ls  w ere a p p a r e n t ly  n o t  consim dng feedblock®  T h is  
a g re e s  w ith  m ost o f  th e  sheep  ex p e rim e n ts  and p la c e s  g ra v e  d o u b ts  on th e  
e f f i c i e n c y  o f  fe e d b lo c k s  a s  c a r r i e r s  o f  w arb le  d r e s s in g s ,  a n th e lm j.n t ic s  
and p a r t i c u l a r l y  su p p lem en ta ry  magnesium as  a  p r o p h y la c t ic  ag a rln s t 
hypomagnesaenuLa, In  some o f  the t r i a l s  i n d i v id u a l  c a t t l e  o c c a s io n a l ly  
had e x c e p t io n a l ly  h ig h  chrom ic o x id e  c o n c e n tr a t io n s  and a c c o u n te d  f o r  
a d i s p r o p o r t i o n a l l y  l a r g e  p a r t  o f  th e  mean. I t  may have been  t h a t  th e s e  
in d iv id u a l s  w ere g r o s s ly  o v er-co n su m in g  fe e d b lo c k  o r  had e a te n  v e ry  
sm a ll  q u a n t i t i e s  o f  roughage®
The r e s u l t s  sho\*m i n  T ab le  18 in d i c a te d  t h a t  th e  in d iv id u a l  
v a r i a t i o n  in  fe e d b lo c k  in ta k e  co u ld  be e x tre m e ly  l a r g e  (CV 66 to  148/ )  
t h e r e f o r e  tw o, d e t a i l e d  e x p e rim e n ts  w ere c a r r i e d  o u t when in d iv id u a l  
v a r i a t i o n  in  fe e d b lo c k  in t a k e  f o r  c a t t l e  was com pared v d th  g iv in g  
e q u iv a le n t  am ounts o f  DM a s  c o n c e n tr a te  p e l l e t s  i n  t r o u g h s ,
Expt 6 ,1 .  I n d iv id u a l  v a r i a t i o n  in  in t a k e  o f  11290(76) by F r i e s i a n  h e i f e r s  
com pared t o  c o n c e n tr a te s  g iv e n  in  tro u g h s
M a te r ia ls  and M ethods
F o u r te e n , 250 kg F r i e s i a n  h e i f e r s  w ere a llo w ed  a c c e s s  to  a  7 ha 
f i e l d  w ith  v i r t u a l l y  no g ra z in g .  The e x p e rim en t to o k  p la c e  d u r in g
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T ab le  18® I n d iv id u a l  v a r i a t i o n  i n  f e e d b lo ck in ta k e  by c a t t l e in  a v a r i e ty
o f  c irc u m s ta n c e s  d u r in g  vd .n ter
D escrip tion  o f  c a t t l e  F eed b lo ck  u sed  Mean f a e c a l  I n d iv id u a ls  w ith  
and e x p e r im e n ta l and  in t a k e  chroimic o x id e  chrom ic o x id e
c o n d i t io n s  (kg  D M /head/day) g/lOO kg DM 1 0 /  o f  th e  mean CV/
In d o o rs
7 p re g n a n t 
F r i e s i a n  d a i ry  
cows g iv e n  hay 
p lu s  c o n c e n tr a te s
W291(76) 
0 .6 4  0 .1
20 0 (17 -440 ) 65 .9
O utdoors
1 2 (H e re fo rd  c r o s s )  
h e i f e r s . G raz ing  
(2 h a )  p lu s  hay
2 2 (H e re fo rd  c r o s s )  
cows, (450-550  k g ) . 
P oor g r a z in g ( 5 h a )
W 29l(74)
W291(76) 
0 .3 2  t  0 .1 7
85( 1 -575)
&5( 3 -4 8 6 ) 10
110.0
1 4 7 .6
The same cows. 
P oor g ra z in g  
(2 0 h a ) p lu s  hay
W 29l(76)
0.86 i  0,37
146 ( 11- 464 ) 8 3 .2
12 r e a r e d  c a lv e s  
P oor g r a z in g ( 2 ha ) 
p lu s  hay 6 s m a l le r  ( l2 5  k g ) CSE
0 .6 8 1 0 .1 .
6 l a r g e r
3 2 2 (4 8 -5 5 4 )
290 ( 43- 426 )
5 9 .4
6 4 .2
Range i n  f a e c a l  chrom ic o x id e .
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December 1976 and th e  w ea th e r c o n d i t io n s  w ere in  g e n e ra l  c o ld  w ith  
p e r io d s  o f  s l e e t  and snow® The a n im a ls  w ere g iv e n  a W290(76) fe e d b lo c k  
p lu s  b a r le y  straw® The fe e d b lo c k  c o n ta in e d  4*40 g chrom ic o^d.de/kg DM, 
Ten days a f t e r  th e  in t r o d u c t io n  o f  th e  b lo c k s  r e c t a l  g rab  sam ples w ere 
ta k e n  from  th e  h e i f e r s .
O ver a  su b se q u e n t 15-day  p e r io d  th e  h e i f e r s  w ere g iv e n  an  
a l l o c a t i o n  (0 « 6 l kg D M /head/day) o f  a  b a r le y  so y a -b ean  m eal p e l l e t  
(170  g CP, 33 g CP, 17 g 88 g ash /lcg ) c o n ta in in g  chrom ic o x id e  
( 5 '2 9  g /k g  DM), The tro u g h  sp ace  a llo w e d  was 340 cm /head^m easured a lo n g  
one s id e  o n ly  ( th e  o th e r  s id e  o f  th e  tro u g h  was a g a in s t  a  fe n c e  and  
p re v e n te d  th e  c a t t l e  from  u s in g  bo th  s id e s  o f  th e  t r o u g h ) .  On day 15 
th e  h e i f e r s  w ere a g a in  g ra b  sam p led ,
R e s u lts
The mean f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  f o r  th e  h e i f e r s  w ere 
100 and I 70 g chrom ic ox ide /lO O  kg f a e c a l  DM f o r  th e  fe e d b lo c k  and 
c o n c e n tra te  s a n p l in g s ^ r e s p e c t iv e ly .  The c o e f f i c i e n t  o f  in d i v id u a l  
v a r i a t i o n  (5 7 * 3 /)  f o r  th e  h e i f e r s  when g iv en  b lo c k s  was c o n s id e ra b ly  
in  e x c e ss  o f  th e  c o n c e n tr a te  v a lu e  (3 0 * 6 /)*  T h e re fo re  th e  p r o v is io n  
o f  n u t r i e n t s  i n  fe e d b lo c k  form  u n d e r th e  c irc u m s ta n c e s  o f  E xpt 6 ,1  was 
l e s s  p r e c i s e  th a n  when an  e q u iv a le n t  am ount o f  DM was g iv e n  i n  t r o u g h s ,
Ejgpt 6*2 , I n d iv id u a l  v a r i a t i o n  in  in t a k e  o f  W290(76) and c o n c e n tr a te s
g iv e n  i n  tro u g h s
N in e te e n  H e re fo rd  c ro s s  weaned (8  month o ld )  s u c k le r  c a lv e s  w ere 
d iv id e d  in t o  g roups (R and W) o f  10 and 9 a n im a l s , r e s p e c t iv e ly .  The 
mean l i v e  w e ig h t was a b o u t 215 k g . Group R and W a n im a ls  w ere a llo w ed  
a c c e s s  to  f i e l d s  o f  s i z e  4*0 and 2*5 ha r e s p e c t iv e l y .
The e x p e rim en t was c a r r i e d  o u t o v e r  6 c o n s e c u t iv e  weeks from  27 Oct 
to  7 Dec, D uring  th e  f i r s t  2 weeks th e  g r a s s  su p p ly  cou ld  be c o n s id e re d  
'e x c e l l e n t ' ;  d u r in g  th e  seco n d  2 weeks 'm o d e ra te ' and d u r in g  th e  t h i r d  
2-w eek p e r io d  ' s p a r s e . '  In  th e  t h i r d  2-w eek p e r io d  hay v:as g iv e n  ( 1 k g /
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h ead /d ay )o  T here w ere no m arked changes in  w e a th e r  c o n d i t io n s  betw een 
th e  p e r io d s*
D uring  weeks 1^ 3 and 5 b o th  g ro u p s o f  c a t t l e  w ere g iv e n  W290(76)
fe e d b lo c k s  w hich w ere w eighed d a i l y  and r e p le n is h e d  when ab o u t 5 kg
o f  th e  b lo c k  rem a in ed . The b lo c k  r e s id u e  was rem oved. D uring  weeks 2g 
4 and  6 th e  c a t t l e  w ere g iv e n  a  f ix e d  d a i ly  a l l o c a t i o n  o f  chrom ic o x id e -  
c o n ta in in g  b a r le y  cubes w ith  am ple tro u g h  sp ace  ( 14O cm /h ead ). The 
am ounts g iv e n  w ere th e  a p p r o p r ia te  mean DM in ta k e s  o f  th e  b lo c k  d u r in g  
th e  p re v io u s  week. T hese w ere 0 .14^ 0 -2 6  and 0*27 kg DM /head/day 
d u r in g  weeks 2 , 4 and 6 ,
A s in g le  f a e c a l  g rab  sam ple was o b ta in e d  from  each  an im a l on th e  
l a s t  day o f  each  w eek ly  p e r io d .
S u b se q u e n tly  th e  c a t t l e  w ere housed  and re c e iv e d  in d i v id u a l ly  a  f ix e d  
c o n c e n tr a te  a l l o c a t i o n  (0 ,2 6  kg DM o f  a chrom ic o x id e -c o n ta in in g  b a r le y  cube) 
b u t w ith  group a c c e s s  to  hay* A r e c t a l  g rab  sa itp le  was o b ta in e d  from
each  an im a l a t  th e  end o f  th e  7 -d ay  fe e d in g  p e rio d *
R e s u lts
The mean fe e d b lo c k  in t a k e s  and  c o n c e n tr a te s  g iv e n , f a e c a l  cl'iromic 
o x id e  c o n c e n tr a t io n s  and  th e  r e s p e c t iv e  c o e f f i c i e n t s  o f  v a r i a t i o n s  i n  
E xpt 6 ,2  a r e  p r e s e n te d  i n  T ab le  19*
The in t a k e  o f  fe e d b lo c k  in c r e a s e d  from  a b o u t 0*14 kg DM/head i n  
p e r io d  1 when th e  g ra s s  su p p ly  was am ple to  0*27 kg DM/head in  p e r io d s  
3 and 5 a s  th e  amount o f  a v a i l a b l e  g r a s s  d e c l in e d .  The mean in ta k e s  f o r  
b o th  g roup R and W w ere v e ry  com parab le  in d i c a t i n g  t h a t  a  group o f  ab o u t 
10 a n im a ls  g iv e s  a  good d u p l i c a t e .  The in t e r - d a y  v a r i a t i o n s  i n  b lo c k  
in ta k e  w ere a l s o  v e r y  com parab le  f o r  each group and  in c re a s e d  a s  th e  
g ra s s  su p p ly  d e c lin e d *
.LJ>0,
T ab le  19®, Ex p t 6 , 2 . Supplem ent in t a k e s  and f a e c a l  chrom ic o x id e
c o n c e n tr a t io n s  (g/lO O  kg DM)
W29Q(76.) F eed b lo ck C o n c e n tra te s
Mean
Mean f a e c a l
in t a k e  chrom ic
P e r io d  Group kg DM/da.y CV/
1 R 0 .1 4 3 1 .2 49 8 1 .4
W 0.1 3 3 2 .2 101 7 8 .7
3 R 0 .2 6 3 5 .8 108 1 0 9 .0
W 0 .2 9 4 4 .3 124 7 7 .0
5 R 0 .2 6 5 0 ,2 82 7 8 .3
W 0 .2 8 4 6 .1 106 6 4 .7
2 R
W
R
W
R
W
Mean 
in t a k e  
kg DM/day
Mean
f a e c a l
chromi.c
o x id e CV/
0 .1 4 37 63 d
0*14 40 5 0 .0
0 .2 6 86 4 2 .8
0 .2 6 90 5 7 .3
0 ,2 7 105 6 6 .4
0 .2 7 119 4 8 .0
The a n a ly s i s  o f  th e  f a e c a l  g ra b  sam ples showed t h a t  th e  
c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  th e s e  two groups o f  10 a n im a ls  were 
c o n s i s t e n t ly  i n  th e  same o r d e r .  T here was a  g r e a t e r  mean CV f o r  
fe e d b lo c k  su p p le m e n ta t io n  (81*6 t  6 * 0 /)  th a n  f o r  th e  c o n c e n tr a te s  g iv e n  
in  tro u g h s  (54*6 dr 3 * 8 / ) ,  T h is  d i f f e r e n c e  was s i g n i f i c a n t  P < 0 * 0 5 .
When th e  c a lv e s  w ere housed  and in d i v id u a l ly  g iv e n  0*26 kg DM/iiead 
o f  a  b a r le y  cube c o n ta in in g  chrom ic o x id e  and hay  ad  l ib i tu m ^ th e  
c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  f a e c a l  c h ro n ic  oxi.de w ere 20*2 and 1 4 * 3 / 
f o r  g ro u p s  R and r e s p e c t i v e l y .  Thus when th e  m a jo r f a c t o r  in f lu e n c in g  
f a e c a l  chrom ic o x id e  i s  rem oved ( v a r i a t i o n  in  chrom ic o x id e  in t a k e )  th e  
re m a in in g  v a r i a t i o n  can be a t t r i b u t e d  to  e r r o r s  in h e i’e n t  in  th e  
te c h n iq u e  and v a r i a t i o n  i n  roug h ag e  in ta k e  and d i e t  d i g e s t i b i l i t y .  The
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r e s u l t s  o b ta in ed .w h en  th e  c a lv e s  r e c e iv e d  a  c o n s ta n t  d a i ly  in p u t  o f  
chrom ic o x id e  i l l u s t r a t e  t h a t  a c o n s id e ra b le  amount o f  th e  v a r i a t i o n  
m easured o u td o o rs  can be re a s o n a b ly  a p p o r tio n e d  to  v a r i a t i o n  i n  
supp lem en t (ch ro m ic  o x id e )  in ta k e *  T h e re fo re  th e  s i g n i f i c a n t l y  g r e a t e r  
v a r i a t i o n  f o r  g iv in g  n u t r i e n t s  in  fe e d b lo c k  fonii i s  l i k e l y  to  be a  r e a l  
e f f e c t  and n o t confounded by e r r o r s  i n  th e  g rab  sam p lin g  te c h n iq u e .
The r e s u l t s  o f  E xp ts 6*1 and  6 .2  w ere c o n s i s te n t  w ith  th e  d a ta  
o b ta in e d  f o r  sheep  ( P a r t s  B and C o f  S e c tio n  l )  i . e .  i n  v i r t u a l l y  
ev e ry  c irc u m s ta n c e  fe e d b lo c k s  a re  a  l e s s  p r e c i s e  means o f  g iv in g  
n u t r i e n t s  to  s to c k ^ th a n  c o n c e n tr a te s  g iven  in  tro u g h s*  In  a f u i 'th e r  
t r i a l  a group o f  20 a d u l t  b e e f - ty p e ,c o w s  w ere g iv e n  a  d a i ly  a l l o c a t i o n  
o f  a b o u t I ' l  kg DM/head o f  c a t t l e  cobs (2 * 1 1  g chrom ic oxi.de/kg)^  th e  
CV f o r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  was 6 8 / w ith  a  ran g e  in  
c o n c e n tra t io n s  2 0  t o  145 g chrom ic ox ide /lO O  kg DM (mean 44 g ) * T h is  i s  
lo w er th a n  f o r  m ost fe e d b lo c k  com parisons b u t i n  e x c e ss  o f  th o s e  f o r  
'h an d -fed *  c o n c e n tra te s*  F u r th e r  work i s  r e q u ir e d  on th e  in d iv id u a l  
v a r i a t i o n  in  in ta k e  o f  cobs g iv e n  to  c a t t l e  r e l a t i v e  to  o th e r  m ethods 
o f  g iv in g  a d d i t i o n a l  n u t r i e n t s *
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G e n e ra l D is c u s s io n
The r e s u l t s  o f  S e c t io n  1 c l e a r l y  show t h a t  f o r  b o th  c a t tJ .e  and 
sheep  i t  i s  i n c o r r e c t  to  assume t h a t  when fe e d b lo c k s  a r e  c o n tin u o u s ly  
a v a i l a b l e  to  th e  s to c k  a more u n ifo rm  in d iv i .d u a l  in ta k e  w i th in  th e  
group i s  ach iev ed *  In  f a c t  th e  o p p o s i te  a p p e a rs  to  be th e  t r u e  s i t u a t i o n .  
In  P a r t  E o f  t h i s  S e c t io n  th e  mean CV f o r  in d iv id u a l  fe e d b lo c k  in ta k e  vja.s 
s i g n i f i c a n t l y  g r e a t e r  th a n  when e q u iv a le n t  am ounts o f  DM were g iv e n  to  
c a t t l e  a s  c o n c e n tr a te s  in  t r o u g h s .  When th e  r e s u l t s  o f  P a r t s  A, B and 0 
o f  th e  p r e s e n t  S e c t io n  a r e  c o n s id e re d  to g e th e r^  th e  mean CV f o r  in d i v id u a l  
fe e d b lo c k  in ta k e  by sheep (20  co m b in a tio n s  o f  d i f f e r e n t  fe e d b lo c k s ,  
s i t u a t i o n s  and l e v e l s  o f  consum ption ) was 55“i / o  In  th e s e  experimentvS 
th e  same o r  s im i l a r  sheep  w ere a l s o  g iv e n  'h a n d -fe e d in g ' in  21 d i f f e r i n g  
ways ^ .in c lu d in g  v a r io u s  tro u g h  sp ace  a llo w a n c e s  (g e n e ro u s  to  v e ry  
r e s t r i c t e d )  and am ounts o f  c o n c e n tr a te  a l l o c a t e d  (b o th  on a  r e g u la r  and 
i r r e g u l a r  b a s i s ) .  The mean CV f o r  i n d iv id u a l  in t a k e  from  tro u g h s  139*2 /) 
was s i g n i f i c a n t l y  (P <  0 °05 ) l e s s  t h a t  f o r  f e e d b lo c k s .  T h e re fo re  f o r  bo th  
c a t t l e  and s h e e p , 'h a n d - f e e d in g ' u s in g  tro u g h s  i s  l i k e l y  t o  a l lo w  a more 
u n ifo rm  in d iv id u a l  DM in t a k e  w i th in  a  group th a n  ' s e l f  “-feeding* u s in g  
f e e d b lo c k s .  I t  a p p e a rs  to  be o n ly  when tro u g h  sp a c e  a llo w an ce  i s  
s e v e re ly  l i m i t i n g  a n d /o r  th e  amount o f  c o n c e n tra te  a l l o c a t e d  i s  
m r e a l i s t i c a l l y  low , t h a t  fe e d b lo c k s  a r e  s u p e r io r  to  'h a n d - f e e d in g ' in  
te rm s  o f  in d i v id u a l  p r e c i s i o n  o f  i n t a k e .  The l im i t e d  amount o f  d a ta  
o b ta in e d  f o r  com parisons betw een cobs and e i t h e r  fe e d b lo c k s  o r  't r o u g h -  
g iv e n ' c o n c e n tr a te s  shows t h a t  cobs a r e  a t  l e a s t  a s  p r e c i s e  a s  
c o n c e n tr a te s  (g iv e n  in  tr o u g h s )  and in v a r i a b ly  s u p e r io r  to  fee d b lo c k s*
I t  can n o t a lw ays be assum ed t h a t  in  p r a c t i c a l  farm  s i t u a t i o n s  b lo c k s  wou-ld 
be c o n t in u o u s ly  a v a i l a b l e ,  r e p la c e d  when l e s s  th a n  a  f u l l  d a y 's  su p p ly  
was l e f t  and  c le a n e d  i f  r e q u i r e d  a s  was th e  c a se  i n  th e s e  e x p e r im e n ts .
S uch  f a c t o r s  c o u l d  o n l y  t e n d  t o  i n c r e a s e  t h e  i n d i v i d u a l  v a r i a t i o n  i n  
i n t a k e ,
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The f a c t o r s  w hich in f lu e n c e d  th e  a b s o lu te  am ounts o f  fe e d b lo c k  
consumed by in d iv id u a l s  w i th in  th e  group a p p e a re d  to  be c o m p le te ly  
d i f f e r e n t  from  th o s e  w hich in f lu e n c e d  th e  in ta k e  o f  ‘hand -fed*  
su p p lem en ts  and v ic e  v e r s a .  For exam ple, th e  p o s s e s s io n  o f  h o rn s  and 
above a v e ra g e  body s i z e  ( f a c t o r s  w hich g e n e r a l ly  c o n t r ib u te  to  an 
e le v a te d  p o s i t i o n  in  th e  'p e c k  o r d e r ')  e n ab led  in d iv id u a l s  to  consume 
'h an d -fed *  n u t r i e n t s  w e ll  i n  e x c e ss  o f  th e  group mean* D e n ta l  s t a t u s  
was how ever n o t im p o r ta n t .  When fe e d b lo c k s  w ere g iv e n , d e n ta l  s t a t u s  
was o f  fu n d am e n ta l im p o rta n c e  i n  d e te rm in in g  th e  a b s o lu te  am ounts o f  
fe e d b lo c k  DM consumed by in d i v i d u a l s .  C h a r a c t e r i s t i c s  r e q u ir e d  f o r  an 
above a v e ra g e  in t a k e  in  th e  'h an d -fed *  s i t u a t i o n  ap p ea red  to  be o f  
l i t t l e  co n seq u en ce . T h e re fo re  th e  c la im  t h a t  c o n c e n tr a te  *s h y - f e e d e r s ' 
w i l l  a c q u i r e  a f a i r  s h a re  o f  th e  a d d i t i o n a l  n u t r i e n t s  on o f f e r  when 
th e s e  a r e  g iv e n  a s  fe e d b lo c k s  may p e rh a p s  be p a r t l y  j u s t i f i e d *
However, th e  r e s u l t s  o f  E xpt 5*1 showed t h a t  many o f  th e  2 -y e a r  o ld  
ewes n o t  com peting  f o r  'h a n d -fe d *  n u t r i e n t s  w ere a l s o  n o t consum ing 
fe e d b lo c k s .  What i s  more im p o r ta n t i s  t h a t  a  p r o p o r t io n  o f  th e  a n im a ls  
r e a d i l y  consum ing 'h a n d - f e d ' n u t r i e n t s  w i l l  become 's h y - f e e d e r s '  w ith  
fe e d b lo c k s  f o r  re a s o n s  c o n n ec ted  w ith  fe e d b lo c k  h a rd n e ss  and d e n ta l
s t a t u s  o r  th e  u n p a la ta b le  n a tu r e  o f  t h e  b lo c k s  in  g e n e r a l .  The n e t
r e s u l t  a p p e a rs  to  be an  in c re a s e d  in d i v id u a l  in ta k e  v a r i a t i o n  w ith in  
th e  g ro u p . T h is  i s  a  s e r io u s  o b s ta c l e  to  th e  u se  o f  fe e d b lo c k s  a s  
c a r r i e r s  o f  s p e c i a l  th e r a p e u t i c  a g e n ts  such  a s  a n th e lm in t ic s  o r  w a rb le  
d r e s s in g s  and p a r t i c u l a r l y  t h e i r  u se  a s  c a r r i e r s  o f  su p p lem en ta ry  
m agnesium . The e v a lu a t io n  o f  fe e d b lo c k s  in  t h i s  l a t t e r  r o l e  i s  
exam ined in  d e t a i l  i n  S e c t io n  3 , P a r t  C.
I t  was n e v e r  th e  i n t e n t i o n  o f  th e  s tu d ie s  i n  S e c t io n  1 o r  f o r
t h i s  t h e s i s  in  g e n e ra l  to  p a r t i c u l a r l y  compare in d i v id u a l  fe e d b lo c k  
p ro d u c ts  from  d i f f e r e n t  m a n u fa c tu re r s .  One o f  th e  p r i n c i p a l  o b je c t iv e s  
how ever was to  com pare th e  ' s e l f - f e d '  sy stem  o f  g iv in g  a d d i t i o n a l
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n u t r i e n t s  w ith  th e  more t r a d i t i o n a l  'h an d -fed *  sy s tem . I t  was a l s o  th e  
i n t e n t i o n  to  compare th e  s u i t a b i l i t y  o r  o th e rw is e  o f  th e  low in ta k e  
su p p le m e n t- ty p e  fe e d b lo c k s  (e .g *  R um evite) v d th  th e  m ore f l e x i b l e  
in ta k e s  o f f e r e d  by th e  s u b s t i t u t e - t y p e  fe e d b lo c k s  (e .g *  W in taw e ll and 
C o lb o rn -ty p e  b lo c k s ) .  Under th e  low  ground c irc u m s ta n c e s  o f  th e  
e:>q)er im e n ts o f  P a r t s  B and C o f  t h i s  S ec tio n ,/b h e  lo w e s t i n d iv id u a l  
fe e d b lo c k  in t a k e  v a r i a t i o n s  w ere o b ta in e d  fo r  th e  s u b s t i t u t e - t y p e  
fe e d b lo c k s  CSE® T hat t h e  CSE b lo c k  g iv e s  a  lo w er in d iv id u a l  in ta k e  
v a r ia t io n ^ th a n  th e  su p p le m e n t- ty p e  fe e d b lo c k s  i s  n o t  s u r p r i s in g  a s  i t  i s  
i n h e r e n t ly  more p a l a t a b l e .  A lthough  a  more p a l a t a b l e  fe e d b lo c k  m igh t 
be overconsum ed by c e r t a i n  g reed y  in d i v id u a l s ,w i th  a  co n seq u en t in c r e a s e  
in  in d iv id u a l  v a r i a t i o n  w ith in , th e  g ro u p > th e  a p p a re n t s u p e r i o r i t y  to  
th e  o th e r  s u b s t i t u t e - t y p e  fe e d b lo c k s  s tu d ie d  p ro b a b ly  r e f l e c t s  a  more 
s u b t l e  d i f f e r e n c e  in  form u3.ation  a n d /o r  m a n u fa c tu r in g  p r o c e s s .  The CSE 
and W29 0 -ty p e  fe e d b lo c k s  w ere u s u a l ly  consumed a t  a b o u t th e  same mean 
l e v e l .  The W 290-type b lo c k s  how ever te n d e d  to  be g r o s s ly  overconsum ed 
by some in d iv id u a l s  and  y e t  a p p e a re d  to  be v e ry  u n a t t r a c t i v e  to  o th e r  
sh e e p .
I t  i s  l i k e l y  t h a t  m ost fe e d b lo c k s  g iv en  to  sheep  a r e  u sed  i n  th e  
h i l l  s i t u a t i o n , i n  th e  s i x  to  e i g h t  week p e r io d  b e fo re  p a r t u r i t i o n  and 
u s u a l ly  d u r in g  th e  su b se q u e n t two to  fo u r  weeks o f  l a c t a t i o n .  The 
r e s u l t s  o f  E xpt 5#2 showed t h a t  u n d e r a h i l l  s i t u a t i o n  (March 1 9 7 6 ); 
w here s h o r ta g e  o f  roughage was an  u n d e r ly in g  f e a t u r e ,  th e  p a r t i c u l a r  
fe e d b lo c k s  g iv e n  (RHE) o r  th e  b lo c k  system  ( i . e .  a l l o c a t i o n  and 
d i s t r i b u t i o n  on th e  h i l l  e t c , ) i n  g e n e ra l ,  w ere u n s u i t a b le .  N e a rly  h a l f  
th e  ewes sam pled in  l a t e  p reg n an cy  had  no o r  v e ry  sm a ll am ounts o f  
chroiTD.c o x id e  i n  t h e i r  f a e c e s ;  th e  2 -y e a r  o ld  ewes ( gim m ers) i n  
p a r t i c u l a r  seemed n o t to  be consum ing th e  b lo c k s .  The ewes w ith  th e  
lo w e s t am ounts o f  f a e c a l  chrom ic o x id e  te n d e d  a l s o  to  be i n  p o o r e s t  
c o n d i t io n .  At th e  tim e  o f  f a e c a l  sam p lin g  50% o f  th e  ewes (o f  a  t o t a l  
o f  a b o u t 400 ) w ere ju d g e d  to  be i n  to o  p o o r c o n d i t io n  to  rem ain  on th e
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h i l l  and w ere d r a f te d  to  in -b y e  f i e l d s .  Under th e s e  p a r t i c u l a r  
c irc u m s ta n c e s  th e  p r o v is io n  o f  a d d i t i o n a l  n u t r i e n t s  in  th e  p a r t i c u l a r  
fe e d b lo c k s  was n o t v e ry  s u c c e s s f u l .  The sh o r ta g e  o f  roughage on th e  
h i l l  was u n d o u b te d ly  th e  m a jo r cau se  o f  th e  p o o r c o n d i t io n  o f  many o f  
th e  ew es, b u t th e  a la rm in g ly  h ig h  p ro p o r t io n  o f  a p p a re n t ly  's h y - f e e d e r s '  
in  th e  f lo c k  co u ld  o n ly  have e x a c e rb a te d  th e  v a r i a t i o n  i n  body c o n d i t io n .
I t  i s  w e ll  a p p r e c ia te d  t h a t  s c a r c e ly  any two h i l l  fa rm in g  
s i t u a t i o n s  a re  even re m o te ly  s i m i l a r .  There i s  a  g r e a t  d i v e r s i t y  o f  
f a c t o r s  w hich in f lu e n c e  in d i v id u a l  f lo c k  p erfo rm an ce  such  a s  th e  
in h e r e n t  f e r t i l i t y  o f  th e  g round , h e rb ag e  q u a l i t y  and o^uan tity , c l im a t ic  
f a c t o r s ,  p h y s ic a l  n a tu re  o f  th e  h i l l ,  management f a c t o r s  e t c .
Arguments e x i s t  c o n c e rn in g  b o th  th e  q u a n t i t a t i v e  am ounts o f  su p p lem en ta ry  
n u t r i e n t s  ( i f  an y ) r e q u i r e d  i n  th e  c r i t i c a l  l a t e  p r e g n a n c y /e a r ly  
l a c t a t i o n  p e r io d s  f o r  th e  h i l l  ewe and a l s o  th e  q u a l i t a t i v e  co m p o sitio n  
o f  th e s e  su p p lem en ts . W ith so many dynam ic f a c t o r s  in v o lv e d  such a s  th e  
amount and q u a l i t y  o f  th e  a v a i l a b l e  ro u ghage , th e  body c o n d i t io n  o f  th e  
ewes i n  a  g iv e n  y e a r  and th e  ex p ec ted  lam bing  p e rc e n ta g e ,  i t  i s  e x tre m e ly  
d o u b tfu l  i f  t h e s e  argum ents can e v e r  be s a t i s f a c t o r i l y  r e s o lv e d .  A lso 
u n t i l  more in fo rm a tio n  i s  a v a i l a b l e  c o n c e rn in g  th e  d i e t  s e le c te d  by th e  
h i l l  ewe, r a t h e r  th a n  w hat i s  l e f t  unconsum ed, d u r in g  th e s e  c r i t i c a l  
p e r io d s  i n  b o th  q u a n t i t a t i v e  and  q u a l i t a t i v e  te rm s , such  argum ents a re  
somewhat acad em ic .
I t  i s  beyond th e  scope  o f  t h i s  S e c t io n  to  e n te r  i n to  d is c u s s io n  
on th e s e  a s p e c ts  o f  n u t r i t i o n .  H y p o th e t ic a l ly ,  i f  th e  r e q u i r e d  in p u t  
o f  a d d i t i o n a l  n u t r i e n t s  i n  a g iv e n  s i t u a t i o n  co u ld  be a c c u r a te ly  
d e f in e d  bo th  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  a  f u r t h e r  s e r i e s  o f  
argum en ts  would ensue  c o n c e rn in g  th e  m ost e f f i c i e n t  means o f  g iv in g  
th e s e  in p u t s .  U l t im a te ly  t h i s  w ould in v o lv e  ' h a n d -fe e d in g ' v e r s u s  
' s e l f “ f e e d in g o * In  th e  f i n a l  a n a ly s i s  th e  in d iv id u a l  fa rm er d e te rm in e s  
how h is  s to c k  a r e  to  be g iv e n  su p p lem en ta ry  n u t r i e n t s  ( i f  any ) and
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w:lth a g r i c u l t u r a l  la b o u r  becom ing in c r e a s in g ly  s c a rc e  and ex p en s iv e  
fe e d b lo c k s  a re  o f te n  ch o sen . C onvenience t o  th e  s to c k fe e d e r  a p p e a rs  to  
be th e  m ost im p o r ta n t c r i t e r i o n  r e g a rd in g  th e  system  o f  g iv in g  n u t r i e n t s  
and f r e q u e n t ly ,  th e  n u t r i t i o n a l  w e ll -b e in g  o f  th e  s to c k  i s  com prom ised 
to  a  g r e a t e r  o r  l e s s e r  e x te n t  in  th e  r e a l i s a t i o n  o f  t h i s  g o a l .
In  th e  w in te r  o f  1977 a  s e r i e s  o f  farm  t r i a l s  w ere c a r r i e d  o u t 
idLth th e  o b je c t  o f  a s s e s s in g  th e  s u i t a b i l i t y  o f  's e l f - h e l p *  fe e d b lo c k s  
a s  c a r r i e r s  o f  a d d i t i o n a l  n u t r i e n t s  to  p re g n a n t and I n s t a t i n g  h i l l  sh eep . 
Twelve d i f f e r e n t  farm s in  S c o tla n d  w ere used  in  s e v e r a l  d i f f e r e n t  
g e o g ra p h ic a l  l o c a t i o n s .  (A y rs h ir e ,  D u m fr ie s sh ire , A r g y l l s h i r e ,  P e r th s h i r e  
and S t i r l i n g s h i r e ) .  A common f e a t u r e  to  a l l  farm s was th e  h i l l  
s i t u a t i o n  ( a l l  q u a l i f i e d  f o r  f u l l  h i l l  sheep s u b s i d i e s ) .  Most o f  th e  
sheep  in v o lv e d  w ere p u re  S c o t t i s h  B la c k fa c e  a l th o u g h  two farm s had 
c ro s s -b re d  ewes ( S c o t t i s h  B la c k fa c e  Ç x  S w aledale  ) .  Some o f  th e  
farm s w ere f i rm ly  e s t a b l i s h e d  u s e r s  o f  fe e d b lo c k s ; o th e r s  w ere new to  
b lo c k  f e e d in g .  F eed b lo ck s o f  e i t h e r  th e  R um evite , W in taw ell o r  C o lb o rn - 
ty p e  w ere n o rm a lly  g iv e n  and th e  t r i a l s  w ere i n t e g r a t e d  w ith  th e  minimum 
d is tu rb a n c e  in t o  th e  norm al management system s o f  th e  f lo c k s ,  E xpt 5 ,2  
was a  t y p i c a l  exam ple o f  such  a  t r i a l .  A pprox im ate ly  seven  days b e fo re  
an e x p e c te d  g a th e r  o f  th e  ew es, f e e d b lo c k s  s im i la r  in  ev e ry  o th e r  way to  
th o s e  n o rm a lly  g iv e n  w ere in tro d u c e d ® a p a r t from  an in c lu s io n  o f  chrom ic 
o x id e  (a b o u t 10 g /k g  DM), R e c ta l  g rab  sam ples ( f o r  chrom ic o x id e )  w ere 
su b se q u e n tly  o b ta in e d .  R ecords w ere a l s o  k e p t o f  fe e d b lo c k  in t a k e s ,  
m ethod o f  d i s p e r s a l  o f  th e  b lo c k s  and p a t t e r n  o f  b lo c k  consum ption . On 
some o f  th e  farm s p erfo rm an ce  d a ta  was c o n c u r re n t ly  b e in g  com piled  by 
th e  West o f  S c o tla n d  A g r ic u l tu r a l  C o lleg e  and i t  i s  in te n d e d  to  r e l a t e  
t h i s  to  th e  f a e c a l  chrom ic o x id e  c o n c e n t r a t io n s .
In  t o t a l ,  n e a r ly  5000 r e c t a l  g rab  sam ples have been  ta k e n  and th e  
r e s u l t s  w i l l  be p u b li s h e d  i n  f u l l  when co m p le te . S p e c ia l  emphasi.s w i l l  
be p la c e d  on p r o p o r t io n  o f  a  p a r t i c u l a r  age group t o t a l l y  r e f u s in g  th e
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b lo c k s  and a l s o  in d iv id u a l  v a r i a t i o n  in  b lo c k  in ta k e  in  g e n e r a l .  To 
d a te  th e  r e s u l t s  from  o n ly  th r e e  farm s have been a n a ly s e d , and th e s e  
show w id e ly  c o n s t r a s t i n g  am ounts o f  in d iv id u a l  v a r i a t i o n .  At one farm , 
(C rookburn , E lv a n fo o t, D u m fr ie s s h ir e ) ,  o f  a  h i r s e l  o f  ab o u t 180 S c o t t i s h  
B la ck face  ewes, 124- r e c t a l  g ra b  sam ples ( l5  Feb) w ere o b ta in e d *  The 
ex p ec ted  lam bing  d a te  was a b o u t A p r i l  1 0 th  and th e  ewes wei-e in  e x c e l le n t  
c o n d i t io n  (a v e ra g e  body s c o re  2 to  2 |- ) .  Roughage was ab u n d a n tly  
a v a i l a b l e  vd.th a  p r o p o r t io n  o f  h e a th e r .  The maximum a l t i t u d e  was 550 m 
above se a  le v e l*  The sheep  had been g iv e n  RS b lo c k s  f o r  a b o u t 14 days 
p r i o r  to  sam pling  and w ere i n  t h e i r  second  seaso n  o f  r e c e iv in g  b lo ck s*
Only 7 ewes ( 6 /  o f  th o s e  sam pled) had  c h ro m e  o x id e  c o n c e n tr a t io n s  l e s s  
th a n  ab o u t 1 g /lO  kg o f  f a e c a l  DM* The o v e r a l l  mean f a e c a l  chromi.c 
o x id e  c o n c e n tr a t io n  was 186 g/lOO kg f a e c a l  DM w ith  an e x c e p t io n a l ly  low  
CV o f  4 8 .8 / ,
At a second  farm  (L u rg , F in t r y ,  S t i r l i n g s h i r e )  130 S c o t t i s h  
B la ck face  x  S w aledale  ewes w hich had been  r e c e iv in g  CSE fe e d b lo c k s  f o r  
s e v e r a l  weeks w ere sam pled (28 Feb)* The sheep  on t h i s  p a r t i c u l a r  h i r s e l  
had r e c e iv e d  fe e d b lo c k s  d u r in g  s e v e r a l  p re v io u s  y e a r s .  The ex f)ected  
lam bing  d a te  was a b o u t 20 A p r i l  and th e  ewes w ere g e n e r a l ly  in  good 
c o n d i t io n  (body s c o re  2)* M oderate q u a n t i t i e s  o f  m a in ly  g ra s s  roughage 
w ere a v a i l a b l e  and th e  maxjjnum a l t i t u d e  o f  th e  h i l l  was ab o u t 370  m*
Of th e  103 g rab  sam ples o b ta in e d ,  23 ewes (2 2 * 3 / o f  th e  f lo c k )  had 
chrom ic o x id e  c o n c e n tr a t io n s  l e s s  th a n  1 g /lO  kg f a e c a l  DM and w ere 
c o n s id e re d  t o  b e  consum ing l i t t l e  o r  no block* The mean c o n c e n tr a t io n  
was 95 g chrom ic ox ide /lO O  kg f a e c a l  DM v /ith  a  CV o f  8 9 * 3 /.
On th e  t h i r d  farm  (U pper G attaw ay , A b ern e th y , P e r th s h i r e )  w hich was 
more t y p i c a l  o f  an  u p la n d  s to c k - r e a r in g  farm  r a th e r  th a n  a  t r u e  h i l l  u n i t ,  
V1290(76) fe e d b lo c k s  w ere g iv e n  to  a  group o f  170 B la c k fa c e  ewes (m ost 
w ere o v e r 5 -y e a rs  o f  age and some had broken  m o u th s). The sheep had 
n e v e r  p r e v io u s ly  re c e iv e d  fe e d b lo c k s  and  a p a r t  from  th e  week p ro c e e d in g  
g rab  sam p lin g  when ad  l i b i tu m  b lo c k s  w ere g iv e n ^ th e  su p p ly  was r a t io n e d
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f o r  econom ic r e a s o n s .  The amount o f  roughage a v a i l a b l e  to  th e  ewes was 
e x tre m e ly  s m a ll  and hay was a d d i t i o n a l ly  g iv e n . The e x p e c te d  lam bing 
d a te  was ab o u t A p r i l  20* These ewes w ere in  v e ry  p o o r c o n d i t io n  (a v e ra g e  
body s c o re  .1 to  i j )  and th e  w in te r  had  been s e v e re  w ith  p ro lo n g e d  p e r io d s  
o f  snow c o v e r . On th e  15 M arch, 141 ewes w ere sam pled o f  w hich 3? (2 6 * 2 / 
o f  th o s e  sam pled)had  chrom ic o x id e  c o n c e n tr a t io n s  l e s s  th a n  1 g /lO  kg 
f a e c a l  DM® The mean f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  was 108 g/lOO kg 
f a e c a l  DM and th e  CV was 1 1 9 /.
T o g e th e r w ith  th e  d a ta  o b ta in e d  from  Expt 5*2 i t  w ould be unw ise 
to  em phasise th e s e  r e s u l t s  u n d e r h i l l  c o n d it io n s  u n t i l  a f u l l  s e t  o f  
d a ta  i s  a v a i la b le *  For exam ple, th e  RHE fe e d b lo c k s  g iv e n  in  Expt 5*2 
seemed u n s u i ta b le  f o r  t h a t  p a r t i c u l a r  s i t u a t i o n  w here roughage was v e ry  
sca rce*  However, a t  C rookburn th e  RS fe e d b lo c k s  w ere a p p a r e n t ly  consumed 
by v i r t u a l l y  a l l  th e  ewes and th e  amount o f  in d iv id u a l  v a r i a t i o n  in  in ta k e  
was e x c e p t io n a l ly  low* Roughage was h e re  a b u n d a n tly  a v a i l a b l e  b u t th e  
h i r s e l  was u n u su a l in  b e in g  v e ry  lo n g  and narrow* As th e  b lo c k s  w ere 
spaced  a lo n g  i t s  l e n g th ,  t h i s  may have c o n t r ib u te d  to  th e  e x c e p t io n a l ly  
u n ifo rm  p a t t e r n  o f  in d iv id u a l  in ta k e *  Thus fe e d b lo c k s  o f  th e  same ty p e  
(su p p lem en t p h ilo so p h y )  have p rod u ced  a  c o n t r a s t in g  r e s u l t  i n  two 
d i f f e r e n t  s i tu a t io n s *  I t  i s  p o s s ib le  t h a t  t h i s  in c o n s i s t e n t  p a t t e r n  o f  
perfo rm an ce  w i l l  be r e p e a te d  on o th e r  farm s and f o r  th e  o th e r  fe e d b lo c k  
ty p e s  s tu d ie d *  C a re fu l  e x am in a tio n  o f  th e  v a r io u s  s i t u a t i o n s  i s  th e n  
r e q u ir e d  to  i d e n t i f y ^ i f  p o s s i b l e , t h e  f a c t o r s  r e s p o n s ib le  f o r  th e  su c c e ss  
o r  o th e rw is e  o f  a  p a r t i c u l a r  fe e d b lo c k -e n v iro n m e n t i n t e r a c t i o n .
SECTION 2
FACTORS AFFECTING THE TOTAL GROUP INTAKE FROM FEEDBLOCKS 
I n t r o d u c t io n
The fu n d am e n ta l d i f f e r e n c e  betw een  th e  ' s e l f - f e d , '  m ethod o f  
p ro v id in g  n u t r i e n t s  such  a s  th e  g iv in g  o f  b lo c k s  and th e  'h an d -fed *  
m ethod i s  t h a t  i n  th e  fo rm er c a se  t h e  s to c k  p e r  se  u l t im a te ly  d e te rm in e  
th e  t o t a l  q u a n t i ty  o f  m a te r i a l  to  be co n su m ed ,if  th e  t o t a l  su p p ly  i s  n o t  
r e s t r i c t e d .  T h is  may be in f lu e n c e d  by a  w hole v a r i e t y  o f  f a c t o r s  
in h e re n t  i n  th e  group o f  s to c k ,  th e  b lo ck  i t s e l f ,  t h e  e x t .e rn a l 
c irc u m s ta n c e s ,s u c h  a s  c l im a t i c  v a r i a b l e s , a f f e c t i n g  b o th  and th e  
m a n ip u la t io n s  made by th e  s to c k f e e d e r  to  e f f e c t  a  c o n t r o l l e d  l e v e l  o f  
i n t a k e ,  When a  'h a n d -fe e d in g ' sy stem  o f  g iv in g  n u t r i e n t s  i s  p r a c t i s e d  
th e  s i t u a t i o n  i s  f a r  l e s s  com plex, p ro v id in g  th e  m a te r i a l  g iv e n  i s  
r e a s o n a b ly  p a l a t a b l e  and r a p id l y  in g e s te d ,  th e  t o t a l  amount consumed by 
any  group o f  a n im a ls  i s  governed  p r e c i s e l y  by th e  s to c k f e e d e r .
In  S e c t io n  1 , P a r t  B i t  seemed t h a t  th e  i n t e r - d a y  v a r i a t i o n  i n  
t o t a l  group in t a k e  was l i k e l y  in  some c irc u m s ta n c e s  to  be a  c o n t r ib u to r y  
cau se  o f  th e  h ig h  v a r i a t i o n  i n  i n d i v id u a l  in ta k e  w i th in  th e  g ro u p . In  
o n ly  one r e p o r t  (D ucker and F r a s e r ,  1975)^has any a t te m p t been made to  
d e f in e  and q u a n t i f y  th e  f a c t o r s  in f lu e n c in g  i n t e r - d a y  v a r i a t i o n  and th e  
a b s o lu te  l e v e l  o f  b lo c k  in t a k e  a t t a i n e d  i n  a  g iv e n  s i t u a t i o n .  They 
showed t h a t  th e  in t a k e  o f  W in taw e ll (1 9 7 4 )- ty p e  fe e d b lo c k s  d e c re a se d  
s i g n i f i c a n t l y  a s  am b ien t te m p e ra tu re  d ropped  to  aro u n d  0^0 and  t h a t  
in t a k e  o f  th e  b lo c k s  in c r e a s e d  when t h e r e  was snow c o v e r .
The m a n u fa c tu re rs  o f  fe e d b lo c k s  g iv e  a p p ro x im a te  recom m endations 
f o r  th e  i n t a k e  o f  t h e i r  r e s p e c t iv e  p r o d u c ts .  Exam ples o f  th e s e  a r e  g iv e n  
in  T ab le  20 f o r  d i f f e r e n t  c l a s s e s  o f  s to c k .  Some m a n u fa c tu re rs  a d u l t  to  
th e  im p re c is e  n a tu r e  o f  th e s e  e s t im a te s ,w h i le  o th e r s  a r e  c o n f id e n t  t h a t  
th e  a c t u a l  in t a k e s  a c h ie v e d  i n  p r a c t i c e  w i l l  c o in c id e  c lo s e ly  w ith  t h e i r
146.
recom m endations. I t  i s  p o s s ib le  and in d e e d  l i k e l y  t h a t  th e r e  a r e  
in s ta n c e s  when fe e d b lo c k s  a r e  n o t on ad  l ib i tu m  o f f e r  and a re  
e f f e c t i v e l y  r a t io n e d  due to  s t r i c t  a d h e re n c e  to  th e  m a n u fa c tu re rs  
fe e d in g  recom m endations by th e  s to c k f e e d e r .
The m a jo r o b je c t iv e s  o f  S e c t io n  2 w ere to  d e f in e  th e  f a c t o r s  
a f f e c t i n g  th e  l e v e l  o f  f e e d b lo c k  in ta k e  a t t a in e d  by a  g roup  o f  s to c k  in  
a  g iv e n  s i t u a t i o n ,  and th e  e x te n t  o f  in t e r - d a y  v a r i a t i o n  and f a c t o r s  
in f lu e n c in g  th i s *
T ab le  20. F eedb lock  in t a k e s  a s  recommended by th e  m a n u fa c tu re rs
(g  f r e s h  m a t te r /d a y )
F eedb lock
C la ss  o f  s to c k
H i l l  ewes
Lowland ewes
g u e ld e r  cows
C a t t l e  1-3 
y e a rs  o ld
+
RS ¥ 2 9 0 (7 4 ) ¥ 2 9 1 (7 4 )
100
130
800
650
110-130
210-270
650-810
540-650
90-100
130-160
36O-40O
400-460
CSE
110
170-220
GO
450-900
450-680
The recommended in ta k e s  o f  ¥ 2 9 0 (7 6 ) and ¥ 2 9 1 (7 6 ) a r e  e s s e n t i a l l y  th e
same*
The DM c o e f f i c i e n t s  f o r  fe e d b lo c k s  a re  u s u a l ly  in  th e  ra n g e  0*82 
to  0*84 and to  m a in ta in  c o n s is te n c y  w ith  th e  r e s t  o f  th e  t h e s i s  fe e d b lo c k  
in t a k e s  in  t h i s  S e c t io n  have been  i n  f u tu r e  e x p re s se d  a s  g DM/head.
Much o f  th e  in fo rm a tio n  in c lu d e d  in  t h i s  s e c t io n  i s  a n c i l l a r y  d a ta  
o b ta in e d  from  o th e r  experô jnen ts o r  r e s u l t s  o f  s e v e r a l  sm a ll s c a le  t r i a l s  
w hich have been com bined to g e th e r .  Some o f  th e  f a c t o r s  commented upon 
w hich a re  ju d g ed  t o  in f lu e n c e  fe e d b lo c k  in ta k e  a re  n o t  su p p o r te d  by 
o b je c t iv e  s c i e n t i f i c  d a ta  due to  th e  d i f f i c u l t i e s  o f  a c c u m u la tin g  f a c t s  
u n d er e x te n s iv e  f i e l d  c o n d i t io n s  and th e  l im d te d  r e s o u rc e s  a v a i l a b l e .
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B efo re  any  d e t a i l e d  i n v e s t i g a t i o n s  i n t o  th e  f a c t o r s  a f f e c t i n g  th e  
t o t a l  g roup  in ta k e s  o f  fe e d b lo c k s  w ere commenced, th e  l e v e l  o f  in ta k e  
a t t a i n e d  by stock  u n d e r a  w ide v a r i e t y  o f  c irc u m s ta n c e s  was m e asu re d ^ in  
o rd e r  to  a s s e s s  w hether a  r e g u la r  d a i l y  in t a k e  c o u ld  be o b ta in e d  from  
fe e d b lo c k s .  T h is  in v o lv e d  g iv in g  ¥ 2 9 0 (7 4 ) , ¥ 2 9 l(7 4 )  a-nd RS fe e d b lo c k s  
to  c a t t l e  and sheep  u n d er housed  and f i e l d  c o n d i t io n s .  Some o f  th e  
r e s u l t s  o b ta in e d  f o r  sheep  a r e  p r e s e n te d  i n  T ab le  2 1 , Each t r i a l  was 
c a r r i e d  o u t o v e r  a  p e r io d  betw een 14 to  60 d a y s ,
T ab le  21 c l e a r l y  shows t h a t  th e  a b s o lu te  in t a k e  o f  fe e d b lo c k  by 
any group o f  sheep  depends p r i n c i p a l l y  upon th e  c irc u m s ta n c e s  u n d er 
w hich i t  i s  g iv e n  and  t h a t  in t a k e  i s  n o t  c o n t r o l le d  p r e c i s e l y  by th e  
fo rm u la tio n  and m a n u fa c tu r in g  p ro c e s s  o f  th e  block® A s im i l a r  
v a r i a t i o n  in  mean in t a k e  was o b ta in e d  f o r  o th e r  f e e d b lo c k s ;  f o r  exam ple 
th e  in t a k e  o f  RS fe e d b lo c k  was n e g l ig ib l e  when g iv e n  to  s u c k le r  cows a t  
s p r in g  g r a s s  (E xpt 1 1 ,1 )  b u t had ex ceed ed  600 g /d a y  o v e r  th e  p ro c e e d in g  
1 4 -day p eriod^w hen  th e  cows w ere y a rd -h o u se d  and g iv e n  s i l a g e .  The 
in t a k e  o f  th e  RS fe e d b lo c k  was g r e a t e r  th a n  400 g /d a y  f o r  housed  w e th e rs  
g iv e n  s tr a w  a lo n e  (E x p t 8 .2 )  b u t l e s s  th a n  70 g /d a y  f o r  ewes o u ts id e  a t  
g r a s s  in  th e  au tum n. T h e re fo re ,  i t  i s  o n ly  vben fe e d b lo c k s  a re  a c t u a l l y  
g iv e n  t o  th e  s to c k  t h a t  an  in t a k e  l e v e l  can be a s s e s s e d .  The 
reconmiended in ta k e s  g iv e n  by th e  m a n u fa c tu re rs  (T a b le  20) a r e  o n ly  v e ry  
ap p ro x im ate  e s t im a te s  and may be t o t a l l y  m is le a d in g  u n le s s  r a t i o n i n g  o f  
fe e d b lo c k s  i s  c a r r i e d  o u t and th e  ad  l i b i tu m  s i t u a t i o n  d is p e n s e d  v /i th .
T h is  i t s e l f  - is  n o t  co n d u c iv e  w ith  some o f  th e  c la im e d  a d v a n ta g e s  f o r  
b lo c k  fe e d in g  such  a s  a l lo w in g  th e  's h y - fe e d e r s *  th e  maximum o p p o r tu n i ty  
to  consume fe e d b lo c k  n u t r i e n t s .  The r a t i o n in g  o f  b lo c k s  may be 
p a r t i c u l a r l y  s e r io u s  when th e  b lo c k  i s  b e in g  u sed  a s  a  magnesium c a r r i e r ,  
w here c o n s ta n t  a v a i l a b i l i t y  o f  m agnesium  i s  e s s e n t i a l  f o r  th e  sy stem  to  
be e f f e c t i v e .
T ab le  21 a l s o  shows t h a t  a l th o u g h  th e  a b s o lu te  in ta k e  o f  a 
fe e d b lo c k  v a r ie s  g r e a t l y ,  th e  r e l a t i v e  in ta k e s  f o r  two d i f f e r e n t
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T able 21 , A co m p ara tiv e  a sse ssm e n t o f  th e  in ta k e s  o f  two fe e d b lo c k s  
d i f f e r i n g  in  p h y s ic a l  h a rd n e ss  (¥ 2 9 1 (7 4 ) and ¥ 2 9 0 (7 4 ))  unde r  a  v a r i e t y  
o f  c irc u m sta n c e s  u n d er bo th  housed  and  f i e l d  c o n d i t io n s
D e s c r ip t io n  o f  s to c k  and 
o th e r  foods given*
R a tio  o f  
¥291(74) ¥ 2 9 0 (7 4 ) in ta k e s
O utdoors
50 S c o t t i s h  B la c k fa c e  ewes 9 - 2  23 i  9 1 : 2 ,6
p o o r g ra z in g  (0 ,5  h s ) ,  hay 1  c o n c e n tr a te s
50 S c o t t i s h  B la ck face  ew es, p oo r 
g ra z in g  ( l  h a ) hay +  c o n c e n tr a te s
1 7 - 2  47 ± 8 1 : 2 .8
30 G rey face  ewes p oo r g ra z in g  
(5 h a )  + hay
42 r  13 90 1  29 1 : 2 ,1
l6  G rey face  ewes (E xpt 3*3 ) p o o r 
g ra z in g  (0 ,5  h a )  4- hay
175 i" 21 441 1" 28 1 : 2 .5
In d o o rs
7 S u f fo lk  c ro s s  w e th e rs , d i s t i l l e i y  
s i f t i n g s  1  c o n c e n tra te s
159 ±  10 393 i  18 1 : 2 .5
l6  G rey face  ewes (E xp t 2*1) hay 
ad l ib i tu m
255 Î  19 626 I  45 1 : 2 .54"
Groups o f  l6  G rey face  ewes i n  i n d i v id u a l  647 t  26 797 1 51 1 : 1 ,2 3
pen s  (E xp t 2 ,4 )  hay ad  l i b i tu m
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fe e d b lo c k s  ( a l b e i t  m a n u fa c tu red  by th e  same p ro c e s s )  a re  s u r p r i s i n g l y  
c o n s ta n t .  The in ta k e  r a t i o  o f  th e  W 29l(74) to  ¥ 2 9 0 (7 4 ) was a lw ays 
betw een 1 ; 2*0 and 1 : 3*0 w ith  one excep tion^v /hen  th e  fe e d b lo c k s  w ere 
g iv e n  u n d er somewhat a r t i f i c i a l  c irc u m s ta n c e s .  T h is  was when ewes w ere 
i n d i v id u a l ly  penned (E xp t 2 .4 )  and g iv e n  ¥  290 (74 ) o r  ¥ 2 9 1 (7 4 ) fe e d b lo c k s  and 
th e  in ta k e  r a t i o  betw een t h e  b lo c k s  narrow ed  s h a r p ly  ( l  : 1 * 2 ) . T h is  was 
due to  th e  h ig h  consum ption  o f  ¥ 2 9 1 (7 4 ) r a t h e r  th a n  a low  ¥290( 7 4 ) i n t a k e .  
The p o s s ib le  re a s o n s  f o r  t h i s  in c r e a s e  in  in ta k e  have been d is c u s s e d  i n  
S e c t io n  1 , P a r t  A b u t th e y  p ro b a b ly  r e f l e c t  an in c r e a s e d  p r o v is io n  o f  
b lo c k  s u r f a c e  a r e a  p e r  ev/e and  th e  boredom b e h a v io u r  o f  c lo s e ly  c o n f in e d  
sh e e p .
T a b le  21 i l l u s t r a t e s  some o f  th e  o th e r  p o s s ib le  c o n t r ib u to r y  
f a c t o r s  a f f e c t i n g  th e  a b s o lu te  fe e d b lo c k  in ta k e  i n  any  s i t u a t i o n .  T here 
a p p e a rs  to  be a  r e lu c ta n c e  o f  th e  S c o t t i s h  B la c k fa c e  ewes h e re  to  
consume b lo c k s , w hich i s  c o n s i s t e n t  vd.th th e  f in d in g s  i n  S e c t io n  1 P a r t  D 
(E xp t 5 . 2 )2when 5 0 /  o f  a  f lo c k  o f  t h i s  b reed  u n d er th e  p a . r t i c u la r  h i l l  
c o n d i t io n s  seemed n o t  tr> be consum ing th e  RS fe e d b lo c k . I t  may a l s o  be 
p a r t l y  due t o  th e  p r o v is io n  o f  c o n c e n tr a te s  w hich may have red u ce d  th e  
a p p e t i t e  o f  th e  ewes f o r  b lo c k .  The in ta k e s  o f  b o th  ¥ 2 9 0 (7 4 ) and 
¥ 2 9 1 ( 7 4 ) te n d  to  in c r e a s e  a s  th e  s i z e  o f  th e  e n c lo s u re  d e c r e a s e s .  In  
g e n e r a l ,  th e  in t a k e  o f  an y  fe e d b lo c k  i s  g r e a t e r  u n d er housed  a g a in s t  
f i e l d  c o n d i t io n s .  T h is  was th e  ca se  f o r  a l l  th e  fe e d b lo c k s  exam ined i n  
t h i s  t h e s i s  u n le s s  some o v e r r id in g  c o n s t r a i n t  was im p o sed ,su ch  a s  
r e s t r i c t i n g  th e  s u r f a c e  a r e a  a v a i l a b l e  to  th e  housed  s to c k  by c o n ta in e r s .
W ith in  th e  mean in t a k e  d a ta  p r e s e n te d  i n  T ab le  21 th e r e  was o f te n  
c o n s id e ra b le  v a r i a t i o n  i n  in t a k e  betw een d a y s . The r e s u l t s  o f  D ucker 
and E ra s e r  (1975) in d i c a te d  t h a t  one p o s s ib le  cau se  o f  t h i s  was 
f l u c t u a t i o n s  in  th e  w e a th e r .  T h e re fo re  i n  th e  p r e s e n t  s tu d ie s  th e  
e f f e c t  o f  c l im a t ic  v a r i a b l e s  on th e  i n t a k e  o f  fe e d b lo c k s  u n d e r v a r io u s  
c irc u m s ta n c e s  was i n v e s t i g a t e d .
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A The e f f e c t  o f  c l im a t ic  v a r i a b le s  in  th e  in ta k e s  o f  fe e d b lo c k s
Most o f  th e  in fo rm a tio n  on th e  e f f e c t  o f  w e a th e r  on b lo c k  in t a k e s  
was g a th e re d  on th e  U n iv e r s i ty  o f  G lasgow, V e te r in a ry  F ie ld  S ta t io n ,
Cochno Farm, D u n b a r to n s h ire , L a t i tu d e  56°N, 230 to  280 m above s e a  l e v e l .  
In  many in s ta n c e s  th e  fe e d b lo c k s  i n v e s t i g a t e d  were superim posed  upon th e  
r o u t in e  n u t r i t i o n a l  management o f  th e  com m ercial s to c k  on th e  fa rm . 
T h e re fo re  p r e c i s e  c o n t r o l  o f  th e  e x p e r im e n ta l c o n d i t io n s  was seldom  
a c h ie v e d  b eca u se  o f  o th e r  management f a c t o r s .  In  many o f  th e s e  
ex p e rim en ts  num erous o th e r  f a c t o r s  a f f e c t i n g  fe e d b lo c k  in t a k e  b e s id e s  
c l im a t ic  v a r ia b le s  w ere i s o l a t e d  and  have been m en tio n ed  when a p p r o p r i a t e .
E xperim en t 7 .1 .  C lim a tic  f a c t o r s  in f lu e n c in g  th e  in ta k e  o f  fe e d b lo c k  by
sheep
The fo llo w in g  fe e d b lo c k s  w ere g iv e n  to  v a r io u s  g roups o f  G rey face  
ewes d u r in g  th e  w in te r s  o f  e i t h e r  1975 o r  1976, W 290(74), ¥ 2 9 1 (7 4 ) , RS 
and IdlE ( th e  c h e m ic a l c o m p o sitio n  o f  th e  fe e d b lo c k s  u sed  was a s  shovai 
in  T ab le  l ) .  The c l im a t ic  v a r i a b le s  m easured  w ere r a i n f a l l ,  days when 
th e r e  was snow co v e r and mean d a i l y  te m p e ra tu re .  A d e s c r ip t io n  o f  th e  
r e c o rd in g  te c h n iq u e s  u sed  i s  c o n ta in e d  i n  th e  M a te r ia ls  and M ethods 
s e c t io n  o f  th e  I n t r o d u c t io n  (page 7 0 ) ,  The t o t a l  group in t a k e s  o f  
fe e d b lo c k s  w ere re c o rd e d  by d a i ly  w e ig h in g  ( 0 9 ,0 0  t o  1 0 ,0 0  h r )  u s in g  a  
25 -kg  s p r in g  b a la n c e .  T h is  c o in c id e d  m t h  th e  r e a d in g  o f  th e  te m p e ra tu re  
and r a i n f a l l  d a t a .  A new b lo c k  was in t ro d u c e d  when l e s s  th a n  th e  p re v io u s  
days consum ption  o f  b lo c k  m a te r i a l  re m a in e d ,o r  when l e s s  th a n  5 kg o f  
m a te r i a l  was on o f f e r .  Any b lo c k  r e s id u e s  w ere rem oved. In  some t r i a l s  
(w ith  chrom ic o x id e  c o n ta in in g  b lo c k s )  th e  a n im a ls  w ere r e c t a l l y  g ra b  
sam pled and th e  r e s u l t i n g  f a e c a l  sam ples a n a ly se d  f o r  chrom ic o x id e  
c o n te n t ,
151.
R e s u lts
The i n t e r - d a y  v a r i a t i o n  i n  t o t a l  group fe e d b lo c k  in ta k e  was 
c o n s id e ra b le  f o r  a l l  th e  fe e d b lo c k s  e x a m in e d .;e sp e c ia lly  f o r  th e  W290(74) 
and W 29l(74) b lo c k s .  Even when mean in ta k e s  w ere e x p re s se d  a s  a  3 -d a y  
r o l l i n g  mean th e r e  w ere s t i l l  c o n s id e ra b le  f l u c t u a t i o n s  i n  in ta k e  w ith  
t im e .  The d e s c r ip t io n  o f  th e  c o n d i t io n s  u n d er v/hich th e  b lo c k s  w ere 
g iv e n , th e  mean d a i ly  in t a k e s  s.nd any e f f e c t  o f  th e  c l im a t i c  v a r ia b le s  
on b lo c k  in ta k e  a r e  g iv e n  i n  T ab le  22 .
T able 22 shows t h a t  o n ly  fo r  some fe e d b lo c k s ,  and  even th e n  n o t
on e v e ry  o c c a s io n , \\ras a s i g n i f i c a n t  e f f e c t  o f  r a i n f a l l  a n d /o r  te m p e ra tu re
on fe e d b lo c k  in t a k e  r e c o rd e d .  T here was no s i g n i f i c a n t  e f f e c t  o f  e i t h e r
r a i n f a l l  o r  mean d a i l y  te m p e ra tu re  on th e  in ta k e  o f  W290(74) and W 29l(74) 
fe e d b lo c k s .  However th e  mean in t a k e  o f  259 t  17 and 135 -  7 g DM/head 
f o r  ¥ 2 9 0 (7 4 ) and ¥ 2 9 1 (7 4 ) o v e r  th e  24- h r  p e r io d  im m e d ia te ly  fo llo w in g  th e  
in t r o d u c t io n  o f  a  new b lo c k  was s i g n j . f i c a n t ly  (P <  0*001 ) g r e a t e r  th a n  th e  
mean in t a k e  o v e r  su b se q u e n t 2 4 -h r  p e r io d s  (87 1* 5 and  37 1" 11 g DM/head 
r e s p e c t i v e l y ) .  When two fe e d b lo c k s  i n s te a d  o f  th e  s in g le  b lo c k  w ere 
g iv e n  to  th e s e  ew es^the mean in ta k e s  (250 t  28 and 97 -  10 g DM/head) 
w ere in c re a s e d  by 90 and 3 5 / , r e s p e c t iv e l y ^ f o r  th e  ¥290 (7 4 ) and  ¥291 (7 4 ) 
fe e d b lo c k s .  T h is  d i f f e r e n c e  was s i g n i f i c a n t  ( P < 0*001) f o r  th e  ¥ 2 9 0 (7 4 ) 
f e e d b lo c k .
In  b o th  w in te r s  when th e  e f f e c t  o f  mean d a i l y  te m p e ra tu re  on RS 
in ta k e  was exam ined a  s i g n i f i c a n t , n e g a t i v e  c o r r e l a t i o n  was o b ta in e d .
The mean d a i l y  in ta k e  o f  RS a p p e a re d  to  d e c re a s e  a s  th e  te m p e ra tu re  
f e l l  to w ard s  0°C , In  th e  t r i a l  d u r in g  l a t e  w in te r  ( l9 ? 6 )  th e  mean 
d a i ly  in ta k e  o f  th e  RS fe e d b lo c k  on days when th e  mean te m p e ra tu re  was 
l e s s  th a n  2 ° G (52  t  3 g DM/head) was s i g n i f i c a n t l y  (P <  0*001) lo w e r th a n  
days when th e  mean te m p e ra tu re  exceeded  2°C (105 -  7 g DM /head). A 
s i g n i f i c a n t  ( P < 0 * 0 1 ), p o s i t i v e  c o r r e la t io n ,b e tw e e n  th e  mean in t a k e  o f  
RS and r a i n f a l l  was o b ta in e d  d u r in g  F eb ru a ry  1976 b u t n o t  f o r  th e  p re v io u s  
y e a r .
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The d a ta  on th e  e f f e c t  o f  c l im a t i c  v a r ia b le s  on th e  in ta k e  o f  RS
fe e d b lo c k s  by sheep  w ere th e n  com bined f o r  b o th  y e a r s  and g rouped  i n t o
days v/hen th e r e  was no r a in  (d ry  d a y s ) ,  days when th e  r a i n f a l l  v;as l e s s  
th a n  1 mm ( l i g h t  r a i n )  and days when th e  r a i n f a l l  exceeded  1 mm ( r a in y  
days)*  L in e a r  r e g r e s s io n  e q u a t io n s  ( F i g , 5) o f  mean d a i ly  fe e d b lo c k  in ta k e  
a g a in s t  te m p e ra tu re  fo r  th e  d ry  days and days when l i g h t  o r  s u b s t a n t i a l  
r a in  f e l l  w ere c a lc u la te d *  These w ere a s  fo llo w s
a )  D ry days
y  = 3 , 16x  4-66*6  SE o f  b ™ 3*23
v/herex=M ean d a i ly  temp C
b) R ainy  days y  =  RS in t a k e  g DM/head
y  = 9 ‘09x 4- 7 6 .2  SE o f  b =  4*75
c) L ig h t r a i n  days
y  = 2.10X  + 74*1 SE o f  b =  3*20
The r e s u l t s  f o r  days when o n ly  l i g h t  r a in  f e l l  w ere o m itte d  from
th e  com parisons in v o lv in g  th e  e f f e c t  o f  r a i n f a l l  on RS in ta k e *  The s lo p e  
o f  th e  r e g r e s s io n  l i n e  f o r  r a in y  days was p o s i t i v e ,w h i l e  f o r  d ry  days 
th e r e  was a  s t r o n g  in d i c a t i o n  t h a t  th e  s lo p e  was p o s i t iv e *  The mean 
d a i ly  DM in ta k e s  o f  RS fe e d b lo c k  on d ry  d ay s , l i g h t  r a i n  days and r a in y  
days w ere 75 » 1» 79 t  9 and 107 t  8 d a y s ,r e s p e c t iv e ly *  The d i f f e r e n c e  
betw een r a in y  days and d ry  days was s i g n i f i c a n t  a t  P < 0 * 0 1  and betw een 
r a in y  days and days o f  l i g h t  r a i n  a t  P <  0 *0 5 *
The e f f e c t  o f  th e  i n t e r a c t i o n  betw een r a i n f a l l ,  te m p e ra tu re  and  
fe e d b lo c k  consum ption  was f u r t h e r  exam ined by com paring th e  r e g r e s s io n  
l i n e s  f o r  d ry  days and r a in y  d a y s . T here was a  p r o b a b i l i t y  i n  e x c e ss  o f  
0*98 t h a t  w et w e a th e r  in c r e a s e d  th e  in t a k e  o f  RS a t  a l l  te m p e ra tu re s  
betw een  2*8 and 10°C . Below 2*8^0 th e  e f f e c t  o f  w et w e a th e r ivas m in im a l 
and above 10°C was o u ts id e  th e  ra n g e  o f  te m p e ra tu re s  s tud .ied*  T here  
seemed to  be no s u b s t a n t i a l '  dependence o f  fe e d b lo c k  in t a k e  on th e  
a c t u a l  amount o f  r a i n f a l l ,  once th e  days when l i g h t  r a i n  f e l l  h ad  been  
o m itte d .
F i g , 5 Fucpt 7 .1  The e f f e c t  o f  mean d a i ly  te m p e ra tu re  °G on th e  mean 
d a i ly  In ta k e  (g  D M /head/day) o f  RS fe e d b lo c k s  by g roups o f  p re g n a n t 
ewes a t  w in te r  g ra z in g  f o r  d ry  days and days w ith  l i g h t  r a i n  ( < 0 . 1  mm) 
o r w et d a y s .
200
MEAN R S  
-IN TA K E g  dm / d a y
150
W E T
100 -
LIGHT
RAIN
4.
0 2
lEAN DAILY
i
O  DRY
©  LIGHT RAIN
.JL
4 6 8
T E M P E R A T U R E  C
154»
Over th e  p e r io d  s tu d ie d  th e r e  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  
betw een any  o f  th e  c l im a t ic  v a r i a b le s  and th e  v o lu n ta ry  in ta k e  o f  RKE 
f e e d b lo c k s .
The e f f e c t  o f  snow co v er on fe e d b lo c k  in ta k e  c o u ld  o n ly  be 
a s s e s s e d  i n  a few s i t u a t i o n s  due to  th e  ab sen ce  o f  a  p ro lo n g e d  p e r io d  
o f  c o n tin u o u s  snow c o v e r .  T h e re fo re  th e  d a ta  exann.ned r e f e r  to  s in g le  
days o r  s h o r t  p e r io d s  when snow co v e r e x l.s te d , w hich have been combined 
to g e th e r  and compared w ith  days when th e  ground was c l e a r .  I t  was 
n o t ic e d  t h a t  th e  in t a k e  o f  a l l  th e  fe e d b lo c k s  g iv e n  to  s h e e p ^ in v a r ia b ly  
in c re a s e d  when snow p re v e n te d  th e  s to c k  from  g r a z in g .  For example^ th e  
com bined mean in ta k e s  o f  RS and RHE from  Expt 4 .2  on days w ith  snow 
co v er (105  1’ 4 g DM/head) w ere s i g n i f i c a n t l y  (P <  0 .001  ) g r e a t e r  th a n  
f o r  o th e r  days (70  1* 5 g D M /head),
Ex p e r i m ent 7 . 2 , The e f f e c t  o f  c l im a t ic  v a r ia b le s  on th e  v o lu n ta ry  
in ta k e  o f  fe e d b lo c k s  by c a t t l e
A s e r i e s  o f  t r i a l s  w ere c a r r i e d  o u t w ith  th e  i n t e n t i o n  o f  
a s s e s s in g  th e  e f f e c t  o f  c l im a t i c  v a r i a b le s  and o th e r  f a c t o r s  on th e  
in ta k e  o f  fe e d b lo c k s  g iv e n  to  c a t t l e  o f  v a r io u s  ag es  u n d er v a ry in g  
c irc u m s ta n c e s ,
TT 'ial I
T h i r ty  F r i e s i a n  h e i f e r s  ( l8  to  24 m onths o ld )  p lu s  a  H ere fo rd  
b u l l  w ere o u tw in te re d  on an  a r e a  (0*2 h a )  o f  ro c k -s tre w n  g round , 
p ro v id in g  c o n s id e ra b le  n a t u r a l  s h e l t e r  b u t v i r t u a l l y  no g r a z in g .  The 
t r i a l  was c a r r i e d  o u t betw een 25 F e b ru a ry  to  5 May 1976. The cows 
re c e iv e d  ad  l ib i tu m  good q u a l i t y  s i l a g e  p lu s  CC fe e d b lo c k  (T ab le  1 
f o r  ch em ica l c o m p o s itio n )  u n t i l  23 A p r i l  when an e n c lo s u re  (6 h a ) 
o f  s p a r s e  g ra z in g  was made a v a i l a b l e .  The mean d a i ly  in t a k e  o f  
fe e d b lo c k  was m o n ito re d  by d a i ly  w e ig h in g  and a new fe e d b lo c k
155.
In tro d u c e d  when l e s s  th a n  th e  p re v io u s  2 4 -h r  consum ption  rem a in ed . The 
fe e d b lo c k  r e s id u e s  w ere rem oved.
On 25 March th e  c a t t l e  w ere r e c t a l l y  g rab  sam pled  ( th e  CC fe e d b lo c k  
c o n ta in e d  10*3 g chrom ic o x id e /k g  DM).
Two g roups o f  6 , 200 kg weaned (H e re fo rd  c r o s s )  c a lv e s  w ere g iv e n  
a c c e s s  to  f i e l d s  A and B. The experianen t to o k  p la c e  from  3 December 
1975 to  8 Ja n u a ry  1976, F ie ld  A i n i t i a l l y  c o n ta in e d  o n ly  s p a r s e  
g ra z in g  w h ile  f i e l d  B c o n ta in e d  good g ra z in g  w hich was q u ick].y consumed 
and by a b o u t 17 December 1975 i t  re sem b led  f i e l d  A. The groups o f  c a t t l e  
w ere each  g iv e n  a W 29l(74) fe e d b lo c k  c o n ta in in g  (2*51 g /k g )  chrom ic 
o x id e . New fe e d b lo c k s  w ere in t ro d u c e d  on 3> 11 and l6  December and 
2 J a n u a ry  to  b o th  g ro u p s . The fe e d b lo c k s  w ere w eighed d a i l y .  On 
11 December 1975 and  8 Ja n u a ry  1976 th e  c a t t l e  w ere r e c t a l l y  g rab  
sam pled .
T r i a l  I I I
TiŸO groups o f  200 kg weaned s u c k le r  (H e re fo rd  c r o s s )  c a lv e s  w ere 
g iv e n  a c c e s s  to  th e  same f i e l d s  (A and B) a s  T r i a l  I I .  The e x p e rim e n t 
to o k  p la c e  from  27 O c to b er 1976 to  21 Ja n u a ry  1977* Both f i e l d s  
i n i t i a l l y  o f f e r e d  good, c le a n  g r a z in g .  T r i a l  I I I  in c lu d e d  and  was a  
c o n t in u a t io n  o f  Expt 6 ,2  (S e c tio n  l )  and  a  more d e t a i l e d  d e s c r ip t io n  o f  
th e  e x p e r im e n ta l p ro c e d u re  i s  in c lu d e d  on page 134* On 1 December 1976 
th e re  was i n s u f f i c i e n t  g r a s s  a v a i l a b l e  f o r  th e  c a lv e s  and a b o u t 1 k g /  
h e a d /d a y  o f  h ay  was g iv e n . At t im e s  d u r in g  th e  e x p e r im e n ta l  p e r io d  bo th  
g roups o f  c a lv e s  w ere g iv e n  a W290(76) fe e d b lo c k  (no c o n ta in e r )  c o n ta in in g  
chrom ic o x id e . The d u r a t io n s  when b lo c k s  w ere g iv e n  w ere , 27 O ct to  3 Nov, 
10 to  17 Nov, 24 Nov to  1 Dec, 8 t o  27 Dec and 27 Dec t o  21 Ja n  (one group 
o n ly ) .  The b lo c k s  w ere w eighed d a i l y  and r e p le n is h e d  a s  i n  T r i a l  I ,
±;?o.
T r i a l  IV
Twelve b e e f - ty p e  cows (m a in ly  H ere fo rd  c ro s s )  a l l  iv ith  c a lv e s  a t  
f o o t  ( c a lv in g  d a t e ,  A ugust 1975) w ere a l t e r n a t e d  a ro u n d  s e v e r a l  f i e l d s  
o f  perm anen t p a s tu r e  from  12 O ct ( l9 7 5 )  t o  10 Jan  (1 9 7 6 ) . On 7 N ov^four 
a d d i t i o n a l  cows w ith  c a lv e s  a t  f o o t  w ere in c lu d e d  in  th e  g ro u p . From 
2 Nov ab o u t 2*5 kg h a y /h e a d /d a y  was g iv e n  and in c r e a s e d  to  3*75 k g /h e a d /  
day from  22 D ec. T hroughout th e  e x p e r im e n ta l p e r io d  RHE f e e d b lo c k s ( in  a  
p u r p o s e - b u i l t  c o n ta in e r  u n le s s  o th e rw is e  s t a t e d )  w ere on o f f e r .  The mean 
in ta k e  o f  b lo c k  was m o n ito re d  by d a i l y  w eigh ing  and th e  e v e n tu a l  l e v e l  
o f  consum ption  r e q u i r e d  a new b lo c k  to  be in t ro d u c e d  d a i ly  o r  on 
a l t e r n a t e  d a y s . On 2 c o n s e c u t iv e  days th e  b lo c k s  w ere w eighed a t  s i x  
a p p ro x im a te ly  4 -h o u r ly  i n t e r v a l s  (O4 .OO, 0 8 .0 0 , 1 2 ,0 0 , I 6 .OO, 2 0 .0 0 ,
2 4 ,0 0  h r s )  to  d e te rm in e  p a t t e r n  o f  fe e d b lo c k  consum ption  w i th in  a  day .
T r i a l  V
T h is  t r i a l  was c a r r i e d  o u t from  2 March to  21 A p r i l  u s in g  th e  14 
re m a in in g  l a c t a t i n g  s u c k le r  cows u sed  i n  T r i a l  IV, T hroughout th e  
t r i a l  th e  cows w ere g ra z in g  a f i e l d  (20  h a )  c o n ta in in g  g e n e r a l ly  s p a r s e  
g ra z in g  b u t  w ith  some p a tc h e s  o f  c o a rs e  ro u g h ag e . In  a d d i t io n  th e y  
r e c e iv e d  a b o u t 3 k g /h e a d /d a y  o f  m o d e ra te  q u a l i t y  hay  and W 29l(76) 
fe e d b lo c k s .  From 2 March to  9 March a  s in g le  W 29l(74) fe e d b lo c k  was 
made a v a i l a b l e  i n  a c i r c u l a r  t i n  w hich se rv e d  to  keep th e  b lo c k  c le a n .  
From 10 March t o  19 March th e  c o n ta in e r  was d is p e n s e d  w ith  and th e  
b lo c k s  s t i l l  g iv e n  s in g ly .  On 23 March, fo u r  W 29l(76) fe e d b lo c k s  w ere 
p u t  on o f f e r  (v d th  no c o n ta in e r s )  w hich was e q u iv a le n t  to  th e  fe e d b lo c k  
m a te r i a l  consumed in  7 days when th e  b lo c k s  w ere p ro v id e d  s in g ly .  On 
30  March ( i . e .  a f t e r  7 d a y s )  any r e s id u e s  re m a in in g  w ere c o l l e c t e d  up 
and 4 new W 29l(74) fe e d b lo c k s  in t ro d u c e d .  On 9 A p r i l  ( i . e .  a f t e r  a  
f u r t h e r  10 d ay s)  th e  r e s id u e s  w ere a g a in  c o l l e c t e d  and a  f u r t h e r  4 new 
b lo c k s  p u t  o u t b u t  now g iv e n  in  t i n  c o n ta in e r s  (w ith  th e  i n t e n t i o n  o f  
k eep in g  th e  b lo c k s  c le a n  and a l lo w in g  a  s t a b l e  b a se  to  p r e v e n t  p u sh in g
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o f  t h e  b lo c k ) .  On 14 A p r i l  one b lo c k  rem ained  v i r t u a l l y  u n to u ch ed  and 
was l e f t  w ith  th e  c a t t l e  and 3 re p la c e m e n t b lo c k s  ( i n  c o n ta in e r s )  w ere 
in t ro d u c e d .  On 21 A p r i l  th e  t r i a l  was d is c o n t in u e d .
Over th e  e x p e r im e n ta l  p e r io d  in d iv id u a l  fe e d b lo c k s  w ere w eighed
d a i ly  (betw een  0 9 .0 0  and 1 0 .0 0  h r )  and mean d a i ly  fe e d b lo c k  in ta k e s
c a l c u la te d  f o r  when s in g le  b lo c k s  w ere g iven  w ith  o r  v /i th o u t c o n ta in e r s  
and when a weeks su p p ly  o f  b lo c k s  (p u t  o u t  in  one d ay ) was g iv e n  w ith  
and w ith o u t c o n ta in e r s .
R e s u l ts  
Tr i a l  I
The mean d a i ly  i n t a k e  o f  th e  CO fe e d b lo c k  ivas l 6 l  1' 9 g DM/head
o v er th e  w hole e x p e r im e n ta l p e r io d .  On two days no b lo c k  was consum ed.
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een r a i n f a l l  o r  te m p e ra tu re  
and fe e d b lo c k  i n t a k e .  When th e  chrom ic o x id e  c o n c e n tr a t io n  o f  th e  
fa e c e s  was m easu red , 9 a n im a ls  (3 3 ^ ) had v a lu e s  l e s s  th a n  10 g chrom ic 
ox ide/lO O  kg f a e c a l  DM i n d i c a t i n g  a  v e ry  low l e v e l  o r  t o t a l  ab sen ce  o f  
fe e d b lo c k  co nsum ption . The mean f o r  27 cows sam pled was 72 g chrom ic 
ox ide /lO O  kg f a e c a l  DM (ra n g e  3 -  157) and th e  CV fo r  f a e c a l  chrom ic 
0X3.de was 102%.
T r i a l  I I
The mean d a i ly  in t a k e s  o f  th e  W 29l(74) fe e d b lo c k s  fo r  th e  two 
g roups o f  c a t t l e  w ere 270 and 160 g DM/head, T h ro u g h o u t 'th e  t r i a l  
th e r e  w ere o n ly  s m a ll am ounts o f  r a i n  ( l e s s  th a n  0*1 mm) e a c h  day , 
e x p e p t on 30 Dec and 2 Ja n  when a b o u t 20 mm was r e c o rd e d .  The mean 
d a i l y  te m p e ra tu re  was i n  th e  ra n g e  2 t o  lO^C. T here was no f r o s t  o r  
p ro lo n g e d  c o ld  p e r io d s .  The in t a k e  o f  W 29l(74) fe e d b lo c k s  was n o t  
s i g n i f i c a n t l y  c o r r e l a t e d  w ith  e i t h e r  r a i n f a l l  o r  mean d a i l y  te m p e ra tu r e .
On 5 and  12 Dec th e ie  w ere p ronounced  ( F i g . 6) in c r e a s e s  i n  
fe e d b lo c k  in t a k e  when th e  new b lo c k  was in t ro d u c e d  ( F ie ld  A c a t t l e  o n ly )
F i g . 6 E xpt 7 .2  T r i a l  11 , Changes i n  th e  mean d a i l y  W 29l(74) 
fe e d b lo c k  in ta k e  o f  2 g roups o f  6 y e a r l in g  H e re fo rd  X c a t t l e  w ith  an 
i n i t i a l  d i f f e r e n c e  i n  th e  h e rb ag e  a v a i la b le ,  d u r in g  December and 
J a n u a ry .

158,
T h e r e a f te r  t h i s  *f i i ’s t - d a y * e f f e c t  was n o t i c e a b le  fo r  bo th  g ro u p s o f  
c a t t l e 0 D uring  th e  i n i t i a l  p a r t  (1.3 d ay s)  o f  th e  t r i a l  th e  in t a k e  o f  
W 29l(74) was h ig h e s t  ( l i d  t  103 g DM/head) f o r  th e  c a t t l e  on th e  b a re  
p a s tu r e  ( F ie ld  A )* The mean d a i l y  in t a k e  (lA-3 i  93 g DM/head) f o r  th e
c a t t l e  on F ie ld  B was s i g n i f i c a n t l y  lo w er (P < 0*05)« . T here was a
te n d en cy  f o r  W 29l(74) i n t a k e , t o  in c r e a s e  a s  g r a s s  became s c a r c e ,  t h i s  
was p a r t i c u l a r l y  n o t i c e a b le  from  2 t o  8 Jan  ( F i g . 6 ) ,
When th e  c a t t l e  w ere r e c t a l l y  g ra b  sam pled^11 D e c ,th e  mean f a e c a l  
chrom ic o x id e  c o n c e n tr a t io n  (37 g/lOO kg DM) f o r  th e  c a t t l e  g ra z in g  
F ie ld  A was more th a n  tw ic e  th e  mean v a lu e  (15 g/lOO kg DM) f o r  th e  
c a t t l e  g ra z in g  F ie ld  B. T h is  i s  c o n s i s t e n t  w ith  th e  h ig h e r  fe e d b lo c k  
in ta k e  and p ro b a b ly  lo w er roughage in ta k e  o f  th e  fo rm er c a t t l e .  The 
r e s p e c t iv e  c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  fe e d b lo c k  in t a k e  w ere 6? and 
72^ . One an im a l g ra z in g  F ie ld  B had a  chrom ic o x id e  c o n c e n tr a t io n  o f
below  10 g/lOO kg f a e c a l  DM,
Mien th e  c a t t l e  w ere r e c t a l l y  g ra b  sam pled on 8 Jan  th e r e  was 
s t i l l  o v e r  tw ic e  a s  much ( l2 2  v . 48 g chrord.c ox ide/lO O  kg DM) chrom ic 
o x id e  i n  th e  f a e c e s  o f  t h e  c a t t l e  g ra z in g  F ie ld  A th a n  F ie ld  B. T here 
WS.S s l i g h t l y  more v a r i a t i o n  i n  f a e c a l  chi’omic o x id e  c o n c e n tr a t io n  f o r  
c a t t l e  g r a z in g  F ie ld  B (CV ~  119%) th a n  f o r  th e  c a t t l e  on F ie ld  A 
(CV =  92%).
T r i a l  I I I
The p a t t e r n  o f  d a i l y  i n t a k e  f o r  th e  W290(76) fe e d b lo c k s  g iv e n  to  
th e  c a t t l e  in  T r i a l  I I I  i s  o u t l in e d  i n  F i g ,7 . D uring  th e  f i r s t  4 
p e r io d s  when b lo c k s  w ere g iv e n  t h e r e  was c lo s e  s i m i l a r i t y  betw een 
a b s o lu te  l e v e l  o f  b lo c k  consumed and a l s o  f l u c t u a t i o n s  in  b lo c k  in ta k e  
betw een days f o r  b o th  g ro u p s . The in c r e a s e d  consum ption  d u r in g  th e  
24"hr p e r io d  fo llo w in g  in t r o d u c t io n  o f  a  new b lo c k  was m easured  on 
some o c c a s io n s  ( f o r  exam ple 11, 25 Nov, 9 and 28 Dec) b u t n o t on o th e r s
f i g . 7 E xpt 7 .2  T r i a l  I I I ,  Mean d a i ly  in t a k e  o f  \I290(76)
. fe e d b lo c k  (g  D M /head/day) f o r  2 g ro u p s o f  200 kg weaned s u c k le r  
c a lv e s  d u r in g  w in te r .  D uring  th e  p e r io d s  3 to  9 Nov, 17 to  23 Nov 
and  1 to  7 Dec c o n c e n tr a te s  w ere g iv e n .
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(.14 an d  20 Dec^ 3 and  10 Jao.'i), ivhen o th e r  f a c t o r s  a p p e a re d  more im p o r ta n t  
i n  d e te rm in in g  th e  l e v e l  o f  f e e d b lo c k  consum ed,such a s  a  r a p id  thaw  
fo llo w in g  snow cover»  The mean fe e d b lo c k  in ta k e s  a r e  g iv e n  in  T ab le  19 
(S e c tio n  l ) »  T here was a  p r o g r e s s iv e  in c r e a s e  i n  mean d a i l y  fe e d b lo c k  
in ta k e  r e f l e c t i n g  in v e r s e ly  th e  amount o f  g ra z in g  a v a i l a b l e  (a n  in c r e a s e  
o f  130  to  290 g DM/head betw een p e r io d s  1 and 3 )"  S u b se q u e n tly  th e  
l e v e l  o f in t a k e  a t t a i n e d  depended v e ry  much on th e  p re s e n c e  o r a b sen ce  
o f  snow co v e r ( F i g . 7 ) ,  The e f f e c t  o f  snow co v er co u ld  n o t  be s e p a r a te d  
from  te m p e ra tu re  a s  th e r e  was a  p ro lo n g e d  p e r io d  o f  c o ld  from  mid 
December to  mid Ja n u a ry  when mean d a i l y  te m p e ra tu re s  w ere n e a r  o r  a t
T here was a marked d e c re a s e  i n  fe e d b lo c k  in ta k e  fo llo w in g  a  r a p id  
thaw  and th e  re a p p e a ra n c e  o f  g ra z in g  f o r  th e  c a t t l e .  The e f f e c t  o f  snow 
co v er on fe e d b lo c k  in t a k e  was s tu d ie d  o v e r th e  p e r io d  from  8 Dec to  
21 Ja n  when hay was g iv e n . The mean d a i l y  fe e d b lo c k  in t a k e  on 1? days 
vh-th snow co v er (413 -  26 g DM/head) was s i g n i f i c a n t l y  (P < 0 '0 0 l )  g r e a t e r  
th a n  on 2? days w ith  no snow co v e r (194  -  14 g D M /head).
T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een th e  in t a k e  o f  th e  
# 290 ( 76 ) and e i t h e r  r a i n f a l l  (O to  9"5  mm/day) o r  mean d a i ly  te m p e ra tu re  
( “3 to  +9*^0) a s  th e s e  e f f e c t s  ( i f  an y ) w ere o b scu red  by th e  p re s e n c e  o r  
a b sen ce  o f  snow.
T r i a l  IV
T hroughout T r i a l  IV th e  w e a th e r  was g e n e r a l ly  v e ry  w et and 
r e l a t i v e l y  m ild  w ith  o n ly  10 days when th e  mean d a i ly  te irp e ra .tu re  
d ropped  below  3°0«
The p a t t e r n  o f  REE in t a k e  o v e r th e  w hole t r i a l  from  12 Oct (1975) 
to  18 Jan  ( l 9 7 6 ) i s  p r e s e n te d  g r a p h ic a l ly  i n  F i g .8 . F lu c tu a t io n s  in  
a b s o lu te  fe e d b lo c k  in t a k e  seemed to  depend on th e  amount o f  g ra z in g  
a v a i l a b l e  and p e rh a p s  a l s o  e n c lo s u re  s i z e .  From 12 Oct to  7 Nov (A to  
F i g ,8 ) th e  12 cows g ra z e d  a  f i e l d  o f  3*2 h a . I n i t i a l l y  th e  g ra s s  
■vjas v e ry  good b u t g r a d u a l ly  became jd jn i t in g  in  q u a n t i t y .  RHE in t a k e
F i g .8 E xpt 7 .2  T r i a l  IV . Mean d a i l y  in ta k e  o f  RHE fe e d b lo c k  
(g  D M /head/day) g iv e n  t o  a  group o f  l a c t a t i n g  s u c k le r  cows o v e r  90 
days d u r in g  w in te r .
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in c re a s e d  p ro g re s s iv e ly -  from  ab o u t 1?0 g DM /head/day to  a b o u t B4O g DM/ 
h ead /d ay  by 24 O c t. Wlien th e  g r a s s  vjas i n  vezy  s h o r t  su p p ly  (3 0  O c t) ,  
fe e d b lo c k  in ta k e  re a c h e d  1180 g DM /head/day and th e  mean d a i ly  in ta k e  
o v e r th e  26 -day  p e r io d  was 583 1' 73 g DM h ead . P a r t  o f  th e  i n t e r - d a y  
v a r i a t i o n  i n  fe e d b lo c k  in t a k e  was p ro b a b ly  due to  th e  te n d e n c y  o f some 
b lo c k s  to  be e a te n  i n t o  a c r e s c e n t  sh ap e ,w h ich  q u ic k ly  d i s i n t e g r a t e d  
in  th e  bo ttom  o f  th e  c o n ta in e r .  T here was no ' f i r s t - d a y '  e f f e c t  a s  
m easured  f o r  th e  cubo id  b lo c k s , b u t  i t  sh o u ld  be a p p re c ia te d  t h a t  th e  
l e v e l  o f  in ta k e  a t t a i n e d  n e c e s s i t a t e d  th e  i n t r o d u c t io n  o f  a  new b lo c k  
d a i ly ,o n  many d a y s .
When th e  fe e d b lo c k s  w ere  w eighed a t  4 " h o u r ly  i n t e r v a l s  
th ro u g h o u t a  2 4 -h r  p e r i o d , t h e r e  d id  n o t  ap p ea r to  be any  p e r io d  when 
in ta k e  was e i t h e r  m arked ly  g r e a t e s t  o r  v e ry  in c re a s e d  o r  d e c re a s e d , b u t 
th e  o b s e rv a t io n s  may have d i s tu r b e d  th e  c a t t l e .
On 7 Nov (B, F i g .8 ) th e  cows w ere t r a n s f e r r e d  to  a n o th e r  f ie ld ,  
o f  s im i la r  s i z e , o f f e r i n g  e q u a l ly  s p a r s e  g r a z in g .  F eed b lo ck  in ta k e  
r a p id l y  d e c re a se d  to  85 to  17O g DM /head/day d u r in g  th e  i n i t i a l  th r e e  
days^when th e  cows ap p ea red  to  be e x p lo r in g  th e  f i e l d .  They s t a r t e d  
to  consume b lo c k  r e a d i l y  a g a in  on day 4 a f t e r  chang ing  e n c lo s u r e s .
On 11 Nov (C, F i g . 8 ) th e  cows w ere t r a n s f e r r e d  to  a  l a r g e r  f i e l d  
o f  25 ha  w hich o f f e r e d  o n ly  v e ry  s p a r s e  g r a z in g .  The mean d a i ly  in ta k e s  
re a c h e d  a b o u t 700 g DM/head b u t  w ere v e ry  low  on 1? and 19 Nov. T hese 
days w ere c h a r a c te r i s e d  by f r o s t  d u r in g  th e  n ig h t .
On 20 Nov (D, F i g . 8 ) th e  cows w ere g iv e n  a c c e s s  to  a n o th e r  
e n c lo s u re  o f  20 ha w ith  q u i t e  good g r a z in g .  Mean d a i ly  in ta k e s  w ere a b o u t 
350  g DM/head ( l7  g M g/head) u n t i l  28 Nov (by  t h i s  tim e  g ra s s  a v a i l a b i l i t y  
was low ),w hen  th e r e  was a  h ig h  wind and w et snow c o v e r ,c a u s in g  th e  cows 
to  s h e l t e r .  The cows w ere now r e c e iv in g  2*-5 kg h a y /h e a d /d a y  (2  D ec).
On 4 Dec (E , F i g , 8 ) two cows w ere found  dead w ith  s ig n s  o f  s t r u g g l in g  
w hich su g g e s te d  hypom agnesaem ia (a  cow in  th e  n e x t f i e l d  d ie d  o f
16 l ,
hypom agnesaem ia th e  same d a y ) .  F a e c a l sam ples ( f o r  chrom ic o :c ide) and 
b lo o d  sam ples ( f o r  m agnesium ) w ere o b ta in e d  from, a l l  14 s u rv iv in g  cows 
on 15 Dec* The mean f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  was 23 g/lOO kg 
DM (ra n g e  11 to  5 5 ) ;w ith  a  GV o f  5 8 « 8 /. F a e c a l sam p les from  th e  2 dead  
cows c o n ta in e d  11 g chrom ic ox ide /lO O  kg DM, e q u iv a le n t  to  th e  lo w e s t 
c o n c e n tr a t io n s  f o r  th e  s u r v iv in g  a n im a ls .  The mean p lasm a m agnesiuE 
c o n c e n tr a t io n  o f  a l l  th e  cows was 1*43 -  0 .1 0  mg/lOO m l, 8 cows had 
v a lu e s  betw een 1*5 to  2*0 mg/lOO m l, 5 cows had v a lu e s  betw een 1*0 to  
1-5  mg/1 0 0  Ell and  one cow had a  very  low v a lu e  o f  0*58 mg/lOO ml.. T here 
was no s i g n i f i c a n t  c o r r e l a t i o n  betw een p lasm a magnesium and f a e c a l  
chrom ic o x id e  c o n c e n t r a t io n s .
A l l  th e  cows w ere now (4  Dec) g iv e n  2 magnesium b u l l e t s  ( P f i z e r  
L t d . ) and 850 g c o n c e n tra te  D M /head/day c o n ta in in g  50 g M gO ^until 
14 D ec. The o v e r a l l  mean RHE in t a k e  o v e r 25 days was 234 1' 29 g DM/ 
h e a d /d a y .
On 12 Dec (F , F i g . 8 ) a  f u r t h e r  20 ha o f  g ra z in g  w ere made 
a v a i l a b l e  to  th e  cows (40  ha i n  t o t a l )  b u t o f  v e ry  s p a r s e  g ra z in g  and 
th e  b lo c k  was r e p o s i t io n e d  from  n e a r  th e  hay f e e d e r  to  100 m d i s t a n t .
No b lo c k  was consumed f o r  2 days b u t t h e r e a f t e r  in t a k e  in c re a s e d  
p r o g r e s s iv e ly  t o  a b o u t 700 g D M /head/day. On 22 Dec th e  hay a l l o c a t i o n  
was in c r e a s e d  to  3*75 k g /d a y  and  t h i s  seemed to  re d u c e  b lo c k  in ta k e  to  
a b o u t 160  g D M /head/day. From 29 Dec to  3 Jan  (G to  H, F i g ,8 ) t h e r e  w ere 
2 v e ry  w et and th e n  2 vei-y s l e e t y  days^ com bined w ith  h ig h  w in d s ,w h ich  
fo rc e d  th e  cows to  s h e l t e r .  In  an  a t te m p t  to  m a in ta in  b lo c k  (m agnesium ) 
rln take  th e  b lo c k  was rem oved from  i t s  c o n ta in e r ,  C onsunp tion  in c r e a s e d
f o r  o n ly  one day and th e n  d e c l in e d  t o  a b o u t 80 to  I 60  g D M /head/day (4  t o
8 g m agnesium ). I t  was n o t i c e d  t h a t  th e  s l e e t ,  though  n o t heavy ,
•coated*  th e  fe e d b lo c k  and  i t  -was n o t  u n t i l  th e  w e a th e r im proved t h a t
b lo c k  in ta k e  in c r e a s e d  to  a b o u t 700 g DM /head/day (34  g Mg), Over th e
26-d a y  p e r io d  when th e  cows w ere a llo w e d  a c c e s s  to  a b o u t 40  ha . th e  mean
162,
d a i l y  in ta k e  o f  RHE was 375 -  51 g DM/head.
A 36 ”day p e r io d  from  2 Dec to  7 Ja n  when e x p e r im e n ta l  c o n d i t io n s  
w ere r e l a t i v e l y  c o n s ta n t  was u sed  t o  s tu d y  th e  e f f e c t  o f  c l im a t i c  
v a r i a b le s  on fe e d b lo c k  i n t a k e .  T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  
betw^een fe e d b lo c k  in t a k e  and r a i n f a l l .  The e f f e c t  o f  mean d a i l y  
te m p e ra tu re  on b lo c k  in t a k e  showed a s i g n i f i c a n t  (P <  0«0 5 ), n e g a t iv e  
c o r r e l a t i o n  ( r  =  0*42) o v e r a  ra n g e  in  te m p e ra tu re  0 to  8°C . T h is  
r e l a t i o n s h ip  was e x p re s se d  a s  a  l i n e a r  r e g r e s s io n  e q u a t io n  ( F i g . 9 ) 
y  =  53% t  127 (w here y  = fe e d b lo c k  in t a k e  g D M /head/day and x  ~ mean 
d a i ly  te m p e ra tu re  °C ).
T r i a l  V
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een th e  in t a k e  o f  th e  
W291(76) fe e d b lo c k  and e i t h e r  mean te m p e ra tu re  o r  r a i n f a l l  o v e r  th e  
p e r io d s  s tu d ie d .  On 2 o c c a s io n s  when 'heavy* d r iv in g  r a i n  o c c u rre d  
to g e th e r  w ith  s t r o n g  w in d s , fe e d b lo c k  in ta k e  d e c re a se d  t o  v i r t u a l l y  z e ro  
on one day and was v e ry  lovj on th e  o th e r .
The p a t t e r n  o f  W 29l(74) in ta k e  o v e r  th e  e x p e r im e n ta l p e r io d  i s  
g iv e n  i n  F i g , 10 , The mean d a i l y  DM in ta k e s  w ere 712 t  58 and 637 -  70 g /  
headywhen s in g le  b lo c k s  w ere g iv e n  w ith  o r w ith o u t c o n t a in e r s ,  
r e s p e c t i v e l y .  The CV f o r  i n t e r - d a y  t o t a l  group in ta k e s  o f  b lo c k  w ere 
23*2 and 3 3 * 0 /, r e s p e c t i v e l y ,  IVhen 4 b lo c k s  w ere p u t  o u t , s u f f i c i e n t  
to  l a s t  f o r  a b o u t a week (23 t o  29 M arch, 30 March to  8 A p r i l ) ,  on a 
s in g le  day i n  no c o n t a in e r s , t h e  mean d a i ly  DM in t a k e  o f  W 29l(76) b lo c k s  
o v e r  th e  l6 -d a y  p e r io d  was 506 t  84 g /h e a d . The CV fo r  i n t e r - d a y  
v a r i a t i o n  i n  b lo c k  in t a k e  liras 6 6 * 6 /, I t  was n o t ic e d  t h a t  th e  c a t t l e  
p r e f e r r e d  some in d i v id u a l  b lo c k s  to  o th e r s  and once th e s e  w ere consumed, 
in ta k e  on su b se q u e n t days d e c re a se d  p r o g r e s s iv e ly .  F i g , 11 shows th e  
r a t e  o f  d is a p p e a ra n c e  o f  t h e  i n d i v id u a l  W 29l(74) fe e d b lo c k s  and an 
im p re s s io n  o f  th e  o rd e r  i n  w hich  th e y  w ere consumed, when g iv e n  w ith  o r  
w ith o u t c o n te in e r s .  F or exam ple^when 4 b lo c k s  w ere p u t  o u t o v e r  th e
I o
F ig ,9 )ÎKpt 7 .2  T r i a l  IV . The e f f e c t  o f  mean d a i ly  te m p e ra tu re  C
on th e  mean d a i l y  in ta k e  o f  RHE fe e d b lo c k  (g  DM /head/day) by a group
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p e r io d  23 to  29 March in  no c o n ta in e r s ,  one b lo c k  was consumed w ith in  3 
days ( a ) ,  2 f u r t h e r  b lo c k s  (B and C) w ere consumed w ith in  6 d ay s^ w h ile  
a b o u t 20% ( l 4  kg) o f  th e  f i n a l  b lo c k  (D) was s t i l l  l e f t  a f t e r  7 days*
A s im i l a r  p a t t e r n  o f  b lo c k  in t a k e  when c a t t l e  showed a  p r e f e r e n c e  f o r  
in d iv id u a l  b lo c k s  was shown in  th e  p e r io d  30 March to  8 A p r i l .  One o f  
th e  4 b lo c k s  v/as t o t a l l y  consumed by 4 days (E) and a  f u r t h e r  b lo c k  by 
8 days ( F ) .  The re m a in in g  2 b lo c k s  w eighed 9*6 (H) and 6 .4  kg (G) (4# 
and 3^% u n e a te n ^ re s p e c t iv e ly )  even  a f t e r  10 d a y s .
When a b o u t a  weeks su p p ly  o f  W 29l(?6) was p u t  o u t  i n  c o n ta in e r s  
(9 t o  13 A p r i l  and 14 to  21 A p r i l )  t h e  mean d a i ly  in t a k e  was 566 1* 120 g 
DM/head w ith  a CV f o r  i n t e r - d a y  in t a k e  o f  7 6 -7 ^ . D uring  th e  f i r s t  p e r io d  
(9 to  13 A p r i l )  when 4 b lo c k s  w ere g iv e n  on 9 A p r i l ,  one b lo c k  was 
t o t a l l y  consumed a f t e r  3 days ( l ) ,  a  f u r t h e r  b lo c k  was consumed by day 
4 ( j )  and a t h i r d  b lo c k  by day  5 (K ). The re m a in in g  b lo c k  (L) s t i l l  
w eighed  l6  kg (80^  u n e a te n )  and  was l e f t  w ith  c a t t l e .  Dui’in g  th e  second  
p e r io d  ( l 4  to  21 A p r i l ) ,  one b lo c k  was consumed by 2 days (M)*a second  
b lo c k  was consumed t o t a l l y  by 4 days (N ) ,w h ile  th e  re m a in in g  two b lo c k s  
( in c lu d in g  b lo c k  (L )^w hich  rem ained  unconsumed from  th e  p re v io u s  p e r io d  
and now w eigh ing  9 kg ) w ere s t i l l  unconsum ed even a f t e r  8 d a y s .
Dis c u s s io n
The e f f e c t  o f  mean d a i l y  te m p e ra tu re  on th e  i n t a k e  o f  W290(74) and 
W 29l(74) fe e d b lo c k s  a s  r e p o r te d  by D ucker and F r a s e r  (1975) ^vas n o t 
found to  be v e ry  im p o r ta n t i n  th e  p r e s e n t  s t u d i e s .  There may w e l l  have 
been  an  in f lu e n c e  o f  mean d a i l y  te m p e ra tu re  on fe e d b lo c k  in ta k e  b u t t h i s  
was f a r  l e s s  im p o r ta n t  in  c o n t r ib u t in g  to  i n t e r - d a y  v a r i a t i o n  th a n  o th e r  
f a c t o r s ,  p r i n c i p a l l y  th e  e le v a te d  24~hr in ta k e  when a  new b lo c k  was 
in t r o d u c e d .  T h is  i s  c o n s i s t e n t  w ith  th e  r e s u l t s  o f  E xp t 2 .1  when a  
s im i l a r  ' f i r s t - d a y '  e f f e c t  was re c o rd e d  f o r  th e  W290(74) and W 29l(?4) 
fe e d b lo c k sy g iv e n  to  g ro u p s o f  16 ew es. When a  l a r g e r  group o f  ewes (3 0 ) 
w ere g iv e n  t h e  b lo c k s  ou tdoors^  th e  mean in ta k e  o v e r  th e  i n i t i a l  2 4 -h r
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p e r io d  was 3 to  4 tim e s  g r e a t e r  th a n  th e  mean in t a k e  o v e r su b se q u e n t 
d a y s . T h is  c o n s id e ra b le  v a r i a t i o n  i n  in te r~ d a y  fe e d b lo c k  in ta k e  
co m p le te ly  masked any  e f f e c t  o f  c l im a t i c  v a r ia b le s  on in ta k e  ( F i g . 1 2 ) .
The p o s s ib le  ca u se s  o f  t h i s  ' f i r s t - d a y *  e f f e c t  f o r  th e  W290(74) and 
W 29l(74) fe e d b lo c k s  w ere d is c u s s e d  in  S e c t io n  1 P a r t  A b u t th e  m ain 
re a s o n  a p p e a re d  to  be the- f r a g i l e  e x t e r i o r  o f  th e s e  b lo c k s , p a r t i c u l a r l y  
th e  c o m e rs jw h ic h  a c c o u n te d  f o r  th e  e le v a te d  in t a k e .  T h is  may have been 
e x a c e rb a te d  by p o o r s to r a g e  o f  th e  b lo c k s  ( i n  humid c l im a te s ) ,  r e s u l t i n g  
in  m o is tu re  p e n e t r a t i o n  and s o f t e n i n g .  A n o v e l ty  i n t e r e s t  due to  th e  
p r o v is io n  o f  c le a n  m a te r i a l  u n co n tam in a ted  w ith  sa liv a , may a l s o  have 
c o n t r ib u te d ,b u t  to  a  l e s s e r  e x t e n t .
In  th e  e x p e rim e n ts  o f  D ucker and F ra s e r  ( l9 7 5 )  u s in g  e q u iv a le n t  
W in taw e ll (1974 ) fe e d b lo c k s ^ g iv e n  to  D o rse t Horn ewes, th e  l e v e l  o f  
in ta k e  a c h ie v e d  n e c e s s i t a t e d  th e  i n t r o d u c t io n  o f  a  new b lo c k  d a i l y  and  
th e  w ith d ra w a l o f  .a sm a ll  amount o f  r e s id u e .  T h e re fo re ,  i n  t h e i r  
t r i a l s  th e  ' f i r s t - d a y '  e f f e c t  was e l im in a te d  and n o t  even r e c o g n is e d  and 
th e  in f lu e n c e  o f  c l im a t ic  v a r i a b le s  th e n  became an  im p o r ta n t c o n t r ib u to r y  
c a u s e , to  in t e r - d a y  v a r i a t i o n  i n  in t a k e  f o r  th e  f e e d b lo c k s ,
A f u r t h e r  i n t e r e s t i n g  f a c t  to  em erge from  th e  w e a th e r  t r i a l s  u s in g  
W290(74) and W 29l(74) fe e d b lo c k s  was t h a t  th e  mean in ta k e  o f  th e s e  
b lo c k s  co u ld  be in c r e a s e d  ( n e a r l y  do u b led  f o r  th e  VJ290(74)) by p ro v id in g  
two b lo c k s  in s te a d  o f  o n e . T h is  was a l s o  i n t im a te ly  co n ce rn ed  w ith  th e  
g r e a t e r  p r o v is io n  o f  e a s i l y  removed c o rn e r  m a te r i a l  and an  in c r e a s e d  
s u r f a c e  a r e a  o f  b lo c k  m a te r i a l  on o f f e r .
I n  a l l  th e  t r i a l s  w here th e  e f f e c t  o f  c l im a t ic  v a r i a b le s  on 
fe e d b lo c k  in t a k e  w ere m easu red , th e  b lo c k s  w ere n e v e r  a llo w e d  to  be 
consumed to  e x h a u s tio n  (w ith  th e  e x c e p tio n  o f  c a t t l e  T r i a l  V when one weeks 
e s t im a te d  su p p ly  o f  b lo c k  was g iv en  on one day) and a  new b lo c k  was 
in t ro d u c e d  in  m ost c a s e s  when 25!^ o f  th e  b lo c k  was s t i l l  re m a in in g .
C le a r ly  t h i s  i s  somewhat a r t i f i c i a l  com pared to  th e  p r a c t i c a l  s i t u a t i o n ,
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F i g , 12 E xpt 7 .1  I n te r - d a y  v a r i a t i o n  in  in ta k e  (g  D M /head/day) 
o f  W 29l(?4) (g iv e n  s in g ly  o r  in  d u p l i c a te )  and V/290(74) 
fe e d b lo c k s  o f f e r e d  to  g roups o f  60 and 29 p re g n a n t G rey face  ewes 
d u r in g  F e b ru a ry  and March* The unshaded  a r e a  r e p r e s e n t  days 
when a  new b lo c k  was in t r o d u c e d .
1 6 5 .
when i t  i s  custom ary  to  p u t o u t  a  weeks su p p ly  o f  fe e d b lo c k s  on one day* 
When o b s e rv a t io n s  w ere made on th e  consum ption  o f  W 290(74) and W 29l(74) 
to  e x h a u s tio n  w ith  s h e e p , th e r e  was a te n d e n c y  f o r  th e  f i n a l  25%' o f  each  
b lo c k  to  rem ain  u n e a te n  f o r  a  lo n g  p e r io d  (up to  4 to  5 d a y s ) .  
C o n seq u en tly , a l th o u g h  in  th e o ry  th e  b lo c k  was on ad  l i b i tu m  o f f e r  i t  
became u n a t t r a c t i v e  to  th e  s to c k  (p e rh a p s  by s o i l i n g ) j q u i t e  in d e p e n d e n tly  
from  any c l im a t ic  in f lu e n c e .  In  th e  c a s e  o f  th e  W290(74) and W 2 9 l(7 i) 
i t  i s  v e ry  l i k e l y  t h a t  t h i s  w ould r e s u l t  in  a  h ig h ly  i r r e g u l a r  p a t t e r n  o f  
fe e d b lo c k  in t a k e ,  w ith  p e rh a p s  50% o f  th e  weeks a llo w an ce  consumed w ith in  
24 h o u rs  and a p r o g r e s s iv e  r e d u c t io n  in  fe e d b lo c k  in t a k e  o v e r  su b se q u e n t 
d a y s . The consequences o f  t h i s ,  p a r t i c u l a r l y  when fe e d b lo c k s  a r e  r e l i e d  
upon to  su p p ly  a  s i g n i f i c a n t  p a r t  o f  th e  t o t a l  n u t r i e n t  in t a k e  o r ,  f o r  
exam ple m agnesium  a s  a  p r o p h y la c t ic  a g a i n s t  hypom agnesaem ia w ould be 
e x tre m e ly  s e r io u s .  On some days th e  m a jo r i ty  o f  s to c k  p ro b a b ly  m ig h t 
n o t  consume any fe e d b lo c k , and on o th e r s  a  w a s te fu l  o v erco n su m p tio n  w ould 
o c c u r .
I n  Elxpt 7 .2 ,  T r i a l  V, b e e f - ty p e  cows w ere g iv e n  an  e s t im a te d  7 
days su p p ly  o f  W 29l(76) fe e d b lo c k s  on a  s in g le  day (w ith  o r  w ith o u t, 
c o n t a i n e r s ) ,o r  b lo c k s  s in g ly  th ro u g h o u t th e  week ( a l s o  w ith  o r  vd .thou t 
c o n ta in e r s ) ,  w ith  th e  b lo c k s  r e p la c e d  when l e s s  th a n  th e  p re v io u s  d ays 
t o t a l  consum ption  rem a in ed . When th e  weeks su p p ly  o f  b lo c k s  was g iv e n  
on a  s in g le  day, com pared to  g iv in g  b lo c k s  s in g ly  th ro u g h o u t 7 d a y S jth e  
c o e f f i c i e n t  o f  v a r i a t i o n  f o r  b lo c k  in t a k e  betw een days was in c r e a s e d  ab o u t 
3 and 2 f o ld  f o r  b lo c k s  g iv e n  w ith  and  v d th o u t c o n ta in e r s ^ r e s p e c t iv e ly .  
T here was a l s o  a  n o t i c e a b le  te n d e n c y  f o r  th e  cows to  p r e f e r  in d i v id u a l  
b lo c k s  when g iv e n  a  c h o ic e  betw een s e v e r a l .  Some b lo c k s  w ere r e f u s e d  
o r  consumed o n ly  v e ry  s lo w ly ^ ev en  when th e  more a t t r a c t i v e  b lo c k s  had 
been  t o t a l l y  consum ed. Most o f  th e  b lo c k  m a te r i a l  on o f f e r  was 
consumed ( l5  to  35% o f  th e  t o t a l  s u p p ly )  d u r in g  th e  2 4 -h r  p e r io d  
fo llo w in g  in t r o d u c t i o n .  The n e t  e f f e c t  was to  g iv e  an  e x p o n e n t ia l  and
l66.
n o n -u n ifo rm  p a t t e r n  o f  fe e d b lo c k  in t a k e  th ro u g h o u t th e  7 -d ay  p e r io d  and 
a  s l i g h t l y  lo w er l e v e l  o f  in take* , com pared to  g iv in g  b lo c k s  s in g ly ,  b ecau se  
o f  t h e  u n a c c e p ta b i l i t y  o f  some in d i v id u a l  b lo c k s , w hich rem ained  
unconsumed even a f t e r  7 to  10 d a y s .
The p r e f e r e n c e  o f  th e  cows to  consume c e r t a i n  b lo c k s  and r e j e c t  
o th e r s  p ro b a b ly  r e f l e c t e d  d i f f e r e n c e s  i n  b lo c k  h a rd n e s s .  The m ost 
u s e f u l  i n d i c a t i o n  o f  b lo c k  h a rd n e ss  f o r  th e  W 29l(76) fe e d b lo c k  was b lo c k  
le n g th .  The h a rd e r  th e  b lo c k  th e  s h o r t e r  i t s  le n g th  and  v ic e  v e r s a .
Very h a rd  b lo c k s  m easured  31 to  32 cm i n  l e n g th ,w h i l s t  s o f t  b lo c k s  w ere 
35 to  37 cm s ,a lth o u g h  t h e i r  w e ig h ts  w ere i d e n t i c a l .  I t  v^ a.s n o t i c e d  t h a t  
th e  b lo c k s  re m a in in g  u n e a te n  a f t e r  s e v e r a l  d ay s ,w e re  s h o r t  in  le n g th  
( p h y s ic a l ly  h a rd )  and  th o s e  r a p id l y  consumed w ere lo n g e r  and p h y s ic a l ly  
s o f t e r .
W hether t h i s  d i f f e r e n c e  i n  b lo c k  le n g th /h a rd n e s s  was a q u a l i t y  
c o n t r o l  a s p e c t  p e c u l i a r  to  t h i s  b a tc h  o f  b lo c k s  o r  r e f l e c t e d  norm al 
d i f f e r e n c e s  i n  b lo c k s  o f  t h i s  ty p e  c o u ld  n o t  be a s c e r t a in e d ,  N e v e r th e le s s  
i t  i s  c l e a r l y  an  u n d e s i r a b le  f e a t u r e  w hich may add to  th e  a l r e a d y  
im p re c is e  n a tu r e  o f  fe e d b lo c k  i n t a k e .  T here w ere a c c o rd in g ly  d i f f e r e n c e s  
in  r a t e  o f  consum ption  w i th in  th e  l i f e  o f  a  p a r t i c u l a r  b lo c k  ( th e  c o rn e r  
m a te r i a l  i s  r e l a t i v e l y  e a sy  to  consume) and a l s o  betw een b lo c k s ,d u e  to  
v a r i a t i o n s  i n  p h y s ic a l  h a rd n e s s .  The p a r t i c u l a r  c o n ta in e r s  u sed  i n  
T r i a l  V s e rv e d  m a in ly  to  keep  th e  b lo c k s  c le a n  and gave a sm a ll  
(6  and 12% r e s p e c t iv e l y  when s in g le  b lo c k s  o r  4 b lo c k s  w ere made 
a v a i l a b l e )  b u t  n o t  s i g n i f i c a n t  in c r e a s e  in  in t a k e  com pared to  no 
c o n ta in e r s .
The e f f e c t  o f  c l im a t ic  v a r i a b l e s  on th e  in ta k e  o f  W290(74)
W 29l(74)j W 291(76) and o th e r  r e c ta n g u la r - c u b o id  fe e d b lo c k s ^ a lth o u g h  
im p o r ta n t u n d e r some c i rc u m s ta n c e s ,a p p e a r s  t o  be o f  much l e s s  
s ig n i f i c a n c e  th a n  th e  f l u c t u a t i o n s  in  mean group in ta k e  due to  th e  
number o f  b lo c k s  a v a i l a b l e ,  v a r i a t i o n s  in  b lo c k  h a rd n e s s ,  w h e th e r
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p r o t e c t io n  i s  a ffo rd e d , to  th e  c o rn e rs  by a c o n ta in e r  and how f r e q u e n t ly  
new b lo c k s  a r e  in t r o d u c e d .  T h e re fo re  th e  in t e r - d a y  v a r i a t i o n  in  in ta k e  
and a l s o  th e  a b s o lu te  l e v e l  o f  in ta k e  a t ta in e d ,d e p e n d s  p r i n c i p a l l y  on 
th e  management r o u t in e  ad o p ted  by th e  s to c k fe e d e r*  I f  Ducker and F r a s e r  
( 197 5 ) had n o t  removed th e  b lo c k  r e s id u e s  each  day  b u t had s t i l l  
in t ro d u c e d  a  new fe e d b lo c k  each  day , a s i t u a t i o n  would e v e n tu a l ly  have 
been re a c h e d  when s u f f i c i e n t  b lo ck  m a te r i a l  was on o f f e r ,  to  exceed  th e  
p re v io u s  days consum ption  w ith o u t th e  in t r o d u c t io n  o f  a  new feed b lo ck *
The e f f e c t  o f  w ea th e r on fe e d b lo c k  in t a k e  would th e n  be se c o n d a ry  to  
th e  amount and c h a r a c te r  (e*g* -  c o n ta m in a tio n )  o f  th e  b lo c k  r e s id u e s  
p r e s e n t  and m a n ip u la t io n s  made by th e  s to c k fe e d e r  w ould m a in ly  d i c t a t e  
i n t e r - d a y  v a r i a t i o n  i n  i n t a k e .
The supp lem en t RS ( f o r  sheep  E xpt 7*1; T ab le  22) and RHE ( f o r  
c a t t l e  E xp t 7 .2 ;  T r i a l  IV ) fe e d b lo c k s  d id  n o t  show any c o n s i s t e n t  
> f ir s t" d a y *  e f f e c t ,o n  days when a  new b lo c k  was in t r o d u c e d .  T h e re fo re  
th e  d e g re e  o f  i n t e r - d a y  v a r i a t i o n  due to  how th e  b lo c k s  w ere g iv e n ,w as  
much l e s s  p ronounced  th a n  f o r  th e  W290(74) and W 29l(74) fe e d b lo c k s .  
C lim a tic  v a r ia b le s  and  o th e r  f a c t o r s  such  a s  h e rb a g e /ro u g h a g e  a v a r i a b i l i t y ,  
now became p e rh a p s  th e  m ost im p o r ta n t  d e te rm in a te s  o f  in t e r - d a y  in t a k e  
v a r i a t i o n .  The in ta k e  o f  b o th  th e  RS and RHE fe e d b lo c k  ( c a t t l e  o n ly )
\j3.s s i g n i f i c a n t l y  lo w er when th e  mean d a i l y  te m p e ra tu re  ap p ro ach ed  O^C.
In  one s tu d y  (T ab le  22 ) when th e  RS fe e d b lo c k  was g iv e n  to  p re g n a n t ewes 
i n  F e b ru a ry  I 9 7 6 ; th e  mean d a i l y  in t a k e  on days when mean te m p e ra tu re  was 
below  2^G was o n ly  50% o f  th e  mean in ta k e  on days when mean te m p e ra tu re  
exceeded  2°C. The in t a k e  o f  t h e  RS fe e d b lo c k  was a l s o  s i g n i f i c a n t l y  
in f lu e n c e d  by r a i n f a l l  u n d er th e  c irc u m s ta n c e s  s tu d ie d .  The in t a k e  was 
g r e a t e r  on r a in y  days ( > 1  mm r a i n f a l l ) , p a r t i c u l a r l y  o v e r th e  tem peratux 'e  
ra n g e  3 to  10^0 , I t  may a l s o  have been  in f lu e n c e d  a t  h ig h e r  te m p e ra tu re s  
b u t th e s e  d id  n o t  o c c u r  d u r in g  th e  p e r io d s  o f  s tu d y .  Below 3 ^ ^ , 
te m p e ra tu re  ap p ea red  to  be th e  m ost im p o r ta n t  c l im a t ic  in f lu e n c e  on 
fe e d b lo c k  i n t a k e .  P e rh ap s  a more s e n s i t i v e  c l im a t ic  p a ra m e te r  a f f e c t i n g
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fe e d b lo c k  in ta k e  w ould be r e l a t i v e  h u m id ity ,w h ich  was n o t  re c o rd e d  i n  
e x p e rim e n ts  i n  t h i s  S e c t io n .
On v e ry  w et w indy days i t  was n o t ic e d  t h a t  th e  in ta k e  RHE by 
c a t t l e  (E x p t 7 .2 ;  T r i a l  IV) d e c re a se d  due to  th e  a n im a ls  s e e k in g  s h e l t e r .  
In  such  w e a th e r  c o n d i t io n s  th e  s i t i n g  o f  th e  b lo c k s  i s  o f  u tm o st 
im p o rta n c e  b eca u se  i t  i s  a t  th e s e  t im e s  t h a t  a n im a ls , p a r t i c u l a r l y  
s u c k le r  cows, a r e  p re d is p o s e d  c l i m a t i c a l l y  to  hypom agnesaem ic t e t a n y .
In  T r i a l  IV th e  d e a th s  o f  two su c lc le r  cows c o in c id e d  ’w ith  a  p e r io d  o f  
heavy d r iv in g  r a i n  when t o t a l  r e l i a n c e  f o r  su p p lem en ta ry  magnesium was 
p la c e d  on th e  f e e d b lo c k . On o th e r  o c c a s io n s  i t  was a lm o s t im p o ss ib le  
to  m a in ta in  fe e d b lo c k  in ta k e ,w h e n  th e  w ea th e r was e x c e p t io n a l ly  c o ld  o r  
heavy  d r iv in g  r a i n  o c c u r r e d ,a t  a  l e v e l  w here a b o u t a  mean 60 g M gO/head/ 
day was b e in g  consum ed.
The re a s o n s  f o r  a d e c re a s e  i n  fe e d b lo c k  in t a k e  d u r in g  c o ld , d ry  
w ea th e r c o n d i t io n s  a r e  p e rh a p s  l e s s  o b v io u s th a n  u n d er c o n d i t io n s  o f  
h ea’fy d r iv in g  r a i n .  T here  a r e  s e v e r a l  p o s s ib le  e x p la n a t io n s .  F i r s t l y ,  
a  p h y s ic a l  change i n  t h e  b lo c k  m igh t p o s s ib ly  o c c u r , le a d in g  to  a  h a rd e r  
e x t e r n a l  s u r f a c e .  T h is  i s  p e rh a p s  v e ry  u n l ik e ly  b eca u se  a l l  th e  b lo c k s  
u s e d ,c o n ta in e d  a p p r e c ia b le  in c lu s io n s  o f  s a l t  w hich w ould p r e v e n t  th e  
b lo c k  from  ' f r e e z i n g , '  A lso , th e  r e d u c t io n  i n  in ta k e  o c c u rre d  even 
when th e  mean d a i l y  te m p e ra tu re  was a l th o u g h  a t  t im e s  d u r in g  th e
24 h r  p e r io d  th e  te m p e ra tu re  may have been  below  O^C, The m ost l i k e l y  
e x p la n a t io n  f o r  t h i s  red u ce d  in ta k e  i s  p ro b a b ly  in t im a te ly  co n ce rn ed  
w ith  th e  w a te r  consum ption  o f  th e  s to c k .  The in ta k e  o f  any s a l t -  
c o n ta in in g  supp lem en t depends a lm o s t c e r t a i n l y  on w a te r  a v a i l a b i l i t y ,  
s a l i n i t y  and i n t a k e .  I t  i s  w e l l  Itnown t h a t  ru m in a n ts  d r in k  l e s s  w a te r  
on c o ld , d ry  days when th e r e  i s  a l s o  l e s s  m o is tu re  i n  th e  h e rb a g e , 
t h e r e f o r e  a d e c re a se  i n  w a te r  in ta k e  w ould p ro b a b ly  r e s u l t  i n  a 
c o n co m ita n t r e d u c t io n  i n  s a l t / b l o c k  in t a k e .  T h is  i s  c o n s i s t e n t  w ith  th e  
o b s e rv a t io n  t h a t  even housed  sheep  consume l e s s  fe e d b lo c k  on c o ld , f r o s ty  
d a y s .
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Mien th e  te m p e ra tu re  in c r e a s e s  a n d /o r  r a i n  o c c u r s , th e  in ta k e  o f  
fe e d b lo c k s  u s u a l ly  in c r e a s e s  ( u n le s s  a n o th e r  o v e r r id in g  c o n s t r a i n t  i s  
o p e r a t in g ) .  T h is  may be d i r e c t l y  a t t r i b u t a b l e  to  th e  s to c k  d r in k in g  
more w a te r  on d ry , warm days and th u s  b e in g  a b le  to  e x c r e te  a. g r e a t e r  
q u a n t i ty  o f  s a l t  from  th e  fe e d b lo c k s .  On warm, r a in y  days a seco n d , 
i n d i r e c t  m echanism  e n c o u ra g in g  fe e d b lo c k  consum ption may be in  o p e r a t io n .  
When s to c k  a r e  a llo w e d  g r a z i n g , i t  i s  p o s s ib le  t h a t  a f t e r  each v i s i t  to  
th e  fe e d b lo c k  th e  u n p a la ta b le  t a s t e  o f  th e  b lo c k  m a te r i a l  ( s a l t  o r  
o th e rw is e )  i s  d i l u t e d  by th e  m o is tu re  c o n ta in e d  i n  a few  m o u th fu ls  o f 
w^et h e rb ag e  and  th u s  b lo c k  consum ption  i s  en hanced .
On v e ry  h o t ,  d ry  days (mean d a i ly  te m p e ra tu re  >  20°C ) i t  was 
n o t ic e d  t h a t  th e  in ta k e  o f  fe e d b lo c k s  was d r a s t i c a l l y  re d u c e d . T h is 
may r e f l e c t  a  change i n  b e h a v io u r  o f  th e  s to c k  in  t h a t  th e y  seek  shade 
f o r  a  l a r g e  p r o p o r t io n  o f  th e  day and spend l e s s  tim e  i n  e a t in g  b lo c k .
I t  may a l s o  r e f l e c t  a  change i n  p h y s ic a l  n a tu r e  o f  th e  fe e d b lo c k  so 
t h a t  i t  d ev e lo p s  a h a rd , 'baked* e x t e r i o r ,  A t h i r d  c o n t r ib u to r y  cause  
i s  a  p o s s ib le  r e d u c t io n  in  w a te r  a v a i l a b i l i t y  e i t h e r  d i r e c t l y  o r  
i n d i r e c t l y  to  th e  s to c k .
The in ta k e  o f  th e  CC fe e d b lo c k  was n o t s i g n i f i c a n t l y  in f lu e n c e d  
by th e  c l im a t ic  v a r i a b le s  ex am in ed ,u n d er th e  c o n d i t io n s  d e s c r ib e d  in  
E xpt 7*2, T r i a l  I ,  T liere was a  te n d e n c y  f o r  th e  in t a k e  o v e r  th e  
i n i t i a l  2 4 -h r  p e r io d  t o  be h ig h e r  th a n  on su b se q u e n t days b u t t h i s  
t r e n d  was i n c o n s i s t e n t  and c o n s id e r a b ly  l e s s  p ronounced  th a n  f o r  th e  
W290(74) and W 29l(74) fe e d b lo c k s .  A lthough cu bo id  i n  shape th e  CC 
fe e d b lo c k  had b e v e l le d  c o rn e rs  and was more g e n e r a l ly  ro b u s t  th a n  th e  
W in ta w e ll( 7 4 ) b lo c k s .  T here was c o n s id e r a b le  in t e r - d a y  v a r i a t i o n  i n  
in t a k e  cf th e  CC fe e d b lo c k  and on two days no b lo c k  m a te r i a l  was consum ed. 
T h is  c o in c id e d  vriLth th e  c a t t l e  b e in g  a llo w e d  a c c e s s  to  an e x t r a  e n c lo s u re  
o f  a p p ro x im a te ly  6 h a . P r e v io u s ly  th e y  had  been  c o n f in e d  i n  a sm a ll a re a  
(0*25 h a )  o f  ro c k  s tre w n  ground a lm o s t co m p le te ly  d ev o id  o f  g r a s s .
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A lthough in  th e o ry  o u tw in te re d ,  th e  c a t t l e  g iv en  CC b lo c k  w ere in  a 
s i t u a t i o n  e f f e c t i v e l y  s im i l a r  to  c a t t l e  w in te re d  i n  p a r t - o p e n  y a r d s .
No s in g l e  c o n t r ib u to r y  cau se  co u ld  be a s c r ib e d  to  th e  in t e r - d a y  v a r i a t i o n  
in  t o t a l  group in ta k e  o f  b lo c k  and i t  i s  l i k e l y  t h a t  a co m b in a tio n  o f  
f a c t o r s  in c lu d in g  q u a n t i ty  o f  s i l a g e  a v a i l a b l e ,  w e a th e r , ’a g e ' o f  th e  
b lo c k , a s  w e ll  a s  c h a n g e s 'in  t h e  a r e a  a llo w e d , in f lu e n c e d  b lo c k  i n t a k e .
The e f f e c t  o f  com p le te  snow c o v e r , p re v e n t in g  a c c e s s  t o  g r a z in g ,  
v/as to  enhance fe e d b lo c k  consum ption  in  n e a r ly  ev e ry  s i t u a t i o n .  T h is  
v/as o b se rv ed  to  be th e  ca se  f o r  a l l  t h e  fe e d b lo c k s  exam ined^w ith  b o th  
c a t t l e  and sh e e p . The p r i n c i p a l  re a so n  fo r  t h i s  in c r e a s e  in  in t a k e  i s  
l i k e l y  to  r e s u l t  from h im ger i n  th e  s to c k ,d u e  to  ab sen ce  o f  n u t r i e n t s  i n  
any form  o th e r  th a n  from  th e  b lo c k .  The a n im a ls  a p p e a re d  to  spend f a r  
more tim e  a t  th e  b lo c k  on days when snow cover e x i s t e d ,u n l e s s  roughage 
v/as made a v a i l a b l e  such  as  h a y . N e v e r th e le s s ,e v e n  when hay  was g iv e n  
o v er a  p ro lo n g e d  p e r io d  (E xp t 7*2; T r i a l  I I I )  b lo c k  in t a k e  was 
s i g n i f i c a n t l y  h ig h e r  on days where snow cover e x i s t e d .
U ndoubted ly  c l im a t i c  v a r i a b le s  a r e  a  c o n t r ib u to r y  f a c t o r  
in f lu e n c in g  b o th  i n t e r - d a y  v a r i a t i o n  and a b s o lu te  l e v e l  o f  fe e d b lo c k  
in ta k e  in  any s i t u a t i o n  b u t t h e i r  r e l a t i v e  im p o rtan ce  may o f te n  be 
overshadow ed by o th e r  c r i t e r i a .  . T hese in c lu d e  management f a c t o r s  such  
a s  th e  number o f  fe e d b lo c k s  a v a i l a b l e ,  when new b lo c k s  a r e  in t r o d u c e d ,  
th e  shape o f  th e  b lo c k s  and w h e th e r th e y  a r e  p la c e d  i n  c o n ta in e r s .
1, C e n tre , V/290(74) fe e d b lo c k  w eigh ing  2 2 .7  kg . L e f t ,  p a r t l y
consumed W290(74) fe e d b lo c k  w eigh ing  10 kg and r i g h t ,  a  s im i la r  
b lo c k  w eigh ing  1 6 .0  k g . Both p a r t l y  consumed b lo c k s  show a  
'b a t t l e m e n t ' ty]De o f  ap p ea ran ce  due to  th e  p re se n c e  o f  h a rd ,
' lim e  s p o t s '  w hich a r i s e  from  uneven m ix ing  o f  th e  in g r e d i e n t s .
2 . R ig h t, W291(76) fe e d b lo c k  (20  kg) and l e f t ,  a  p a r t l y  consumed 
W 29l(76) fe e d b lo c k  (1 0 .5  kg ) show ing a non u n ifo rm  p a t t e r n  o f  
c o n su n p tio n * The ' b u l l e t ' shape a r i s e s  from  uneven com pression  
b e in g  a p p l ie d  to  th e  b lo c k , c r e a t in g  a  s o f t  and h a rd  end to  th e  
b lo c k . The s o f t  end i s  e a te n  i n  p r e f e r e n c e  t o  th e  h a rd  end .
3o V/290(7,6) fe e d b lo c k s  i n t a c t  and a f t e r  24> 48 and 72 h o u rs
consum ption by a  group o f  30 sh e e p . The b lo c k  r e s id u e s  w eigh 
1 2 .0 , 5 .5  and  2 .0  kg r e s p e c t iv e l y  from  l e f t  to  r i g h t .

Ruinevite s ta n d a rd  fe e d b lo c k  (2 2 .7  kg) and p u r p o s e - b u i l t  c o n ta in e r .  
R ig h t , p a r t l y  consumed RS fe e d b lo c k  w eig h in g  15 kg .
Top l e f t ,  CSE fe e d b lo c k  (20  kg) and bo ttom  l e f t  p a r t l y  consuraed CSE 
fe e d b lo c k  (9 kg ) shovdng t y p i c a l  shape when consumed w ith o u t a  
c o n ta in e r .  Top r i g h t ,  p u rp o se  b u i l t  p l a s t i c  c o n ta in e r  f o r  C o lborn  
b lo c k s .  Bottom r i g h t ,  t y p i c a l  shape  o f  a  CSE fe e d b lo c k  ( l5  kg) 
a f t e r  consum ption by sheep  from  a  c o n ta in e r .
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B The e f f e c t ;  on c o n ta in e r s  on th e  in ta k e s  o f  fe e d b lo c k s
The a d v ic e  g iv e n  to  th e  s to c k f e e d e r  by th e  fe e d b lo c k  m a n u fa c tu re rs  
on w h eth er a  c o n ta in e r  sh o u ld  be em ployed w ith  t h e i r  p ro d u c ts  i s  
somewhat a r b i t a r y  and p e rh a p s  s p e c u la t iv e .  Of th e  b lo c k s  u sed  in  t h i s  
t h e s i s  th e  RS, RHE, CSE and CC fe e d b lo c k s  w ere u s u a l ly  recommended t o  be 
g iv e n  in  c o n ta in e rs *  C o n ta in e rs  may be p u rp o s e -d e s ig n e d  o r  in p ro v is e d  
form  o ld  t y r e s ,  wooden b o x es , o i l  drums e t c .  The W 290(74), W 29l(74), 
W290(76) and ¥ 2 9 1 (7 6 ) fe e d b lo c k s  w ere recommended to  be g iv e n  w ith o u t 
a  c o n ta in e r  i n  m ost c irc u m sta n c e s*  I t  i s  n o t  u s u a l ly  a p p r e c ia te d  t h a t  
a c o n ta in e r  can a f f e c t  th e  in ta k e  o f  an y  p a r t i c u l a r  b lo c k  in  b o th  a  
p o s itiv e  a s  w e l l  a s  a n e g a t iv e  m anner. C o n ta in e rs  a r e  p r i n c i p a l l y  
employed to  p r o t e c t  th e  w eaker p a r t s  o f  a  b lo c k  such  a s  th e  edges and 
c o rn e rs  and a l s o  red u ce  th e  s u r f a c e  a r e a  a v a i l a b l e  to  th e  s to c k .  They 
may a l s o  a l t e r  th e  m ethod o f  p re h e n s io n  o f  b lo c k  m a te r i a l  by en co u ra g in g  
l i c ld n g  r a th e r  th a n  b i t i n g .  A cco rd in g ly  in  many s i t u a t i o n s  c o n ta in e r s  
a re  in te n d e d  to  r e s t r i c t  b lo c k  in t a k e .  C o n ta in e rs  may in c r e a s e  
fe e d b lo c k  in ta k e  by p r o v id in g ’ a s t a b l e  b a se  fo r  th e  b lo c k  and th u s  
a f f o r d  an im als  a g r e a t e r  o p p o r tu n i ty  to  e x e r t  p r e h e n s ib le  f o r c e ,  
p a r t i c u l a r l y  when o n ly  a  sm a ll m o b ile  p ro p o r t io n  o f  th e  b lo c k  i s  
re m a in in g . C o n ta in e rs  a l s o  p ro b a b ly  encou rage  fe e d b lo c k  in ta k e  by 
k eep in g  th e  b lo c k  f r e e  from  mud and f a e c e s .  I t  was n o t ic e d  t h a t  w ith  
c a t t l e  in  p a r t i c u l a r ,  t h a t  c o n ta m in a tio n  o f  a b lo c k  a t  any s ta g e  vrith  
fa e c e s  i s  a  p o te n t  i n h i b i t o r  o f  consum ption  and t h i s  o c c u r re d  much l e s s  
f r e q u e n t ly  when th e  b lo c k  was i n  a c o n ta in e r .
In  s e v e r a l  sm a ll t r i a l s  (n o t  d e s c r ib e d  in  d e t a i l  h e r e )  when th e  
same fe e d b lo c k s  (¥ 2 9 0 (7 6 ))  were g iv e n  in  c o n ta in e r s  o f  v a r io u s  
d e s c r ip t io n s  o r  w ith o u t  c o n ta in e is , th e r e  w ere no s i g n i f i c a n t  d i f f e r e n c e s  
in  d a i ly  in ta k e ,  w hich w ere 196 t  57, 219 t  31 and 191 1" 32 g DM/head 
when th e  b lo c k  was g iv e n  in  a  s o l id  b ased  c o n ta in e r ,  a  p e r f o r a te d  based  
c o n ta in e r  and w ith o u t a  c o n ta in e r ,  r e s p e c t iv e l y .  The fe e d b lo c k s  w ere
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g iv e n  to  a  group o f  10 m a tu re  D o rse t Horn ewes and b o th  c o n ta in e r s  w ere 
15 cm d eep ,w h ich  p r o te c te d  o n ly  a  l i m i t e d  p o r t i o n  o f  t h e  e d g e s . The 
p e r f o r a t io n s  in  th e  b a se  o f  th e  c o n ta in e r  w ere d e s ig n e d  to  a l lo w  w a te r  
to  d r a in  away b u t due to  th e  low  r a i n f a l l  o v e r  th e  t r i a l  t h e i r  e f f i c i e n c y  
co u ld  n o t be a s s e s s e d .  I t  was o b se rv e d  t h a t  when c o n ta in e r s  w ere 
em ployed w ith  c u b o id -sh a p e d  fe e d b lo c k s ,w h ic h  a llo w ed  o n ly  th e  to p  
s u r f a c e  o f  th e  b lo ck  a c c e s s i b le  to  th e  s to c k  (CSE f e e d b lo c k - c o n ta in e r s  
e s p e c i a l l y ) , f e e d b lo c k  consum ption  was d e c re a s e d . When th e  w h ee l-sh ap ed  
RS and RHE fe e d b lo c k s  w ere g iv e n  i n  t h e i r  p u r p o s e - b u i l t  t i n s  to  sheep 
no c o n s i s t e n t  e f f e c t  on p a t t e r n  o r  l e v e l  o f  in t a k e  was re c o rd e d ,w h ic h  
d i f f e r e d  from  th e  in t a k e  when no c o n ta in e r s  were used* W ith c a t t l e  
how ever, in t a k e  a c c e le r a te d  when a  c o n ta in e r  was u sed  o v e r  th e  l a s t  
a p p ro x im a te ly  25% o f  th e  fe e d b lo c k  l i f e , d u e  to  th e  a n im a ls  b e in g  a b le  
to  b i t e  a t  th e  b lo c k  a g a i n s t  a  s t a b l e  b a s e .  I t  a l s o  was n o t ic e d  t h a t  
d u r in g  p e r io d s  o f  *high r a i n f a l l  th e  d ra in a g e  h o le s  i n  th e  t i n  c o n ta in e r  
became b lo c k ed  and th e  b ase  o f  th e  b lo c k  became v e ry  s o f t  and  w a te r  
accu m u la ted  in  th e  c o n ta in e r .
In  t h e  f i n a l  a n a ly s i s  i t  i s  u s u a l ly  th e  s to c k fe e d e r  who d e te rm in e s  
th e  ty p e  o f  c o n ta in e r  to  be u s e d ^ i f  one i s  employed a t  a l l .
U ndoubtedly  c o n ta in e r s  can and  do a l t e r  th e  l e v e l  o f  fe e d b lo c k  
consumed in  any s i t u a t i o n .  They a l s o  in f lu e n c e  th e  i n t e r - d a y  v a r i a t i o n  
in  fe e d b lo c k  in ta k e  by re d u c in g  th e  * f i r s t - d a y '  e f f e c t  and th e  
co n seq u en t o v e r a l l  in t a k e  f o r  th e  c u b o id -sh a p e d  fe e d b lo c k s .  However 
in  some in s ta n c e s  th e y  may en co u rag e  fe e d b lo c k  in ta k e  p a r t i c u l a r l y  f o r  
th e  w h e e l-sh a p e d  fe e d b lo c k s  w ith  c a t t l e .  T h e re fo re  t h e  in f lu e n c e  
c o n ta in e r s  e x e r t  o v e r fe e d b lo c k  consum ption  i n  any  s i t u a t i o n  i s  h ig h ly  
v a r i a b le  and depends on th e  ty p e  and shape o f  b o th  fe e d b lo c k  and 
c o n ta in e r*  One p o s s ib le  n u t r i t i o n a l  a p p l i c a t io n  f o r  c o n ta in e r s  w ith  
th e  c u b o id -sh a p e d  fe e d b lo c k s  i s  t o  i n i t i a l l y  commence g iv in g  fe e d b lo c k s  
in  c o n ta in e r s  and th e n  a s  n u t r i t i o n a l  re q u ire m e n ts  in c r e a s e  ( f o r  exam ple
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d u r in g  th e  3 a s t  4 weeks o f  p reg n an cy  i n  th e  ewe) th e  b lo c k s  can be 
removed from  th e  c o n ta in e r s  and in ta k e  sh o u ld  be in c r e a s e d .
G The e f f e c t  o f  qu a l i t y  and q u a n t i ty  o f  o th e r  d i e t a ry  compon e n ts  on
th e  i n t a k es o f  fe e d b lo c k s
The c la im  t h a t  ru m in a n ts  g iv e n  fe e d b lo c k s  w i l l  r e g u la te  t h e i r  
in t a k e s  a c c o rd in g  t o  b o th  th e  q u a l i t a t i v e  and q u a n t i t a t i v e  n a tu re  o f  th e  
o th e r  d i e t a r y  com ponents i s  exam ined i n  c o n s id e ra b le  d e t a i l  ;ln S e c tio n  3® 
However i t  i s  a p p r o p r ia te  h e re  to  m en tion  some o f  th e  o b s e rv a t io n s  g a in e d  
from  g iv in g  fe e d b lo c k s  to  s to c k  u n d e r a v a r i e ty  o f  c irc u m s ta n c e s ,w h e re  
changes i n  o th e r  d i e t a r y  com ponents have been made»
The p ro v is io n  o f  a l t e r n a t i v e  n u t r i e n t s  i n  a more p a l a t a b l e  f o m  
such a s  s p r in g  o r  ab undan t o th e r  c le a n  g ra z in g ,  good hay  o r  c o n c e n tr a te s ,  
u s u a l ly  e f f e c t s  a r e d u c t io n  o r  com plete  c e s s a t io n  o f  fe e d b lo c k  
consum ption» T h is  was p a r t i c u l a r l y  e v id e n t w here c a t t l e  ( s u c k le r  cows) 
had been consum ing a p p r e c ia b le  q u a n t i t i e s  (E xp t 1 1 . l )  o f  th e  RS 
fe e d b lo c k  (500 g DM/head), im der c o n d i t io n s  o f w in te r  management ( in d o o rs )^  
b u t upon tu r n - o u t  to  lu s h  s p r in g  p a s tu r e  no i n t e r e s t  was shown in  th e  
same b lo c k  w h a ts o e v e r ,fo r  o v e r ab o u t 30 d a y s . E v e n tu a lly  th e  cows 
s t a r t e d  to  consume th e  b lo c k s ,b u t  o n ly  a f t e r  th e  g r a s s  became s c a r c e  and 
th e  a r e a s  o f  fo u le d  and u n a c c e p ta b le  g ra z in g  in c r e a s e d .  A s i m i l a r  
o b s e rv a t io n  was made a  y e a r  la te r ,w h e n  th e  same cows w ere tu rn e d  o u t and 
g iv e n  a c c e s s  to  an e x p e r im e n ta l GO fe e d b lo c k  (E xp t 1 1 .2 ) ,  The p re v io u s ly  
h ig h  in ta k e s  ( > 5 0 0  g /h e ad ),w h en  th e  cows w ere h o u sed ,w ere  n o t re c o rd e d  
u n d er g ra z in g  c o n d i t io n s  u n t i l  m id-June^w hen herbage  a v a i l a b i l i t y  
d e c l in e d ,a l th o u g h  a  low mean l e v e l  o f  in ta k e  was m a in ta in e d  d u r in g  th e  
im m ediate  p o s t  tu r n - o u t  p e r io d .
F u r th e r  o b s e rv a t io n s  ( e . g .  E xpt 7*2; T r i a l  I I I )  w hich s u g g e s t 
t h a t  ru m in a n ts  w i l l  consume n e a r ly  a l l  o th e r  foods in  p r e f e r e n c e  to
174,
b lo c k s  a r e  f i r s t l y  t h a t  a f t e r  a p e r io d  o f  snow co v er ( in c r e a s e d  
fe e d b lo c k  in ta k e )  when g ra z in g  becomes a c c e s s ib le  to  th e  s to c k  a g a in  
fe e d b lo c k  in t a k e s  d e c r e a s e .  S eco n d ly , th e  p r o v is io n  o f sw edes to  
p re g n a n t ewes i n  l a t e  F e b ru a ry  (E x p t, 7 . l )  red u ce d  th e  mean in t a k e  o f  
RS from  82 1'  11 to  38 1 8 g /h e a d . The d i f f e r e n c e  was s i g n i f i c a n t  
( P < 0 '0 l ) ,  The ewes w ere r e c e iv in g  RS fe e d b lo c k  p lu s  a c c e s s  to  b a re  
w in te r  p a s tu re s *
G en e ra l D is c u s s io n
The r e s u l t s  and o b s e rv a t io n s  o f  S e c t io n  2 i l l u s t r a t e d  th e  
im p re c is e  n u t r i t i o n  o f  p ro v id in g  n u t r i e n t s  i n  b lo c k  form  to  s to c k .  I t
i s  o n ly  when th e  fe e d b lo c k s  a r e  a c t u a l l y  g iv e n  to  th e  a n im a ls  t h a t  
l e v e l  o f  in t a k e  can be a s s e s s e d .  W ith in  any  mean group in t a k e  o f  b lo c k  
th e r e  w ere c o n s id e ra b le  f l u c t u a t i o n s  i n  in ta k e  betw een days and o v e r 
ex ten d ed  p e r io d s .  T h e re fo re  th e  sy stem  o f  g iv in g  n u t r i e n t s  i n  b lo c k  
form  i s  im p re c is e  in  two w ays; f i r s t l y ,  b ecau se  th e r e  i s  l i t t l e  
c o n t r o l  o v e r th e  a b s o lu te  i n t a k e  a t t a i n e d  and se c o n d ly , th e  a b s o lu te  
in ta k e  i s  l i a b l e  to  f l u c t u a t e  m arked ly  i n  re sp o n se  to  a w hole v a r i e ty  
o f  f a c t o r s .  When th e  r e s u l t s  o f S e c t io n  1 ( in d iv id u a l  v a r i a t i o n  in  
fe e d b lo c k  in t a k e s )  and t h i s  S e c t io n  a r e  c o n s id e re d  t o g e t h e r , i t  i s  
p e rh a p s  somewhat o p t i m i s t i c  to  e x p e c t fe e d b lo c k s  to  e f f e c t i v e l y  a c t  a s
c a r r i e r s  o f  s p e c i a l  t h e r a p e u t i c  i n g r e d i e n t s , s u c h  a s  a n th e lm in t ic s ,  
w a rb le  d r e s s in g s  o r  even m agnesium  com pounds,as p r o p h y la c t ic s  a g a i n s t  
hypom agnesaem ia. The l a t t e r  c a se  i s  exam ined in  d e t a i l  i n  S e c t io n  3c 
The f a c t o r s  w hich  can a f f e c t  and  c o n t r ib u te  to  th e  in ta k e  o f  a 
fe e d b lo c k  in  any  s i t u a t i o n  a r e  o u t l in e d  d ia g ra m m a tic a lly  i n  F i g , 13* 
T here may w e ll  be s e v e r a l  o th e r  f a c t o r s  w hich a r e  n o t shown t h a t  may 
be im p o r ta n t  i n  some s i t u a t i o n s  b u t in  g e n e ra l  th e  f a c t o r s  a f f e c t i n g  
fe e d b lo c k  in ta k e  can be d iv id e d  i n t o  th r e e  c a t e g o r i e s .  T hese b e in g
175*
th e  fe e d b lo c k  p e r  s e ,  th e  s to c k  and  th e  env ironm en t a f f e c t i n g  both*
The d iag ram  ( F i g . 13) does n o t a t te m p t to  i l l u s t r a t e  th e  v a s t  niunber o f  
i n t e r a c t i o n s  betw een th e  v a r io u s  f a c t o r s .  For exam ple block, h a rd n e s s  
and d e n ta l  s t a t u s ,  f re q u e n c y  o f  fe e d b lo c k  re p la c e m e n t and  shape  o f  
b lo c k  ( ' f i r s t - d a y '  e f f e c t  w ith  cubo id  b lo c k s ) ,  an im a l s p e c ie s  and ty p e  
o f  c o n ta in e r  e t c .  Most o f  th e s e  i n t e r a c t i o n s  have been d is c u s s e d  i n  
d e t a i l  e a r l i e r  i n  t h i s  S e c t io n .  In  any  g iv e n  s i t u a t i o n  i t  i s  d o u b tfu l  
i f  a  s in g le  e n v iro n m e n ta l f a c t o r  i s  e v e r  s o l e l y  r e s p o n s ib le  f o r  l e v e l  
o f  fe e d b lo c k  in ta k e  a t t a i n e d .  I t  i s  a l s o  u n l ik e ly  t h a t  th e  f a c t o r  
c o n t r ib u t in g  m ost s i g n i f i c a n t l y  to  in ta k e  l e v e l  i s  even re m o te ly  
c o n s ta n t  from  s i t u a t i o n  to  s i tu a t io n *
In  th e o ry ,  a n im a ls  g iv e n  fe e d b lo c k s  can th e m se lv e s  dete im iine  
th e  q u a n t i ty  o f  n u t r i e n t s  ta k e n  from  th e  b lo c k .  In  p r a c t i c e ,  num erous 
f a c t o r s  m odu la te  th e  a c t u a l  ajiiounts ta k e n ,  by p la c in g  c o n s t r a i n t s  upon 
th e  maximum in ta k e  i n  a  g iv e n  s i t u a t i o n .  Some fe e d b lo c k  m a n u fa c tu re rs  
c la jjn  t h a t  d e s p i t e  th e s e  c o n s t r a i n t s ,  in d i v id u a l  a n im a ls  g iv e n  a c c e s s  
to  fe e d b lo c k s  can r e g u la te  t h e i r  in t a k e s  a c c o rd in g  to  n u t r i t i o n a l  
r e q u ire m e n ts ,  b o th  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  and th e re b y  
a l l e v i a t e  any d i e t a r y  im b a la n c e s . T h is  s t im u la te d  th e  d e t a i l e d  
i n v e s t i g a t i o n s  c a r r i e d  o u t  i n  S e c t io n  3 i n to  w h eth er p h y s io lo g ic a l  
f a c t o r s ,  such  a s  p ro d u c t iv e  s t a t e  (p reg n an cy  o r  l a c t a t i o n )  a l s o  a f f e c t e d  • 
th e  in d i v id u a l  fe e d b lo c k  in t a k e  a t t a i n e d  in  a g iv e n  s i t u a t i o n .  
A l te r n a t iv e ly ,  was i t  s t i l l  p o s s i b l e  f o r  a  m e ta b o lic  c o n s t r a i n t  on 
fe e d b lo c k  in t a k e  to  o p e ra te  w i th in  th e  l i m i t s  d e f in e d  by th e  c o n s id e ra b le  
number o f  o th e r  p o t e n t i a l  c o n s t r a i n t s  enum erated  in  S e c t io n  2 ,
01
I
0
I
u
*'CÎ
0
«H
I
05
fiî
MIay
I
O
p .
0
Xi
- p
CH
0  
.§
1«
uÎ
Ü3
I
r n
1-4
tiCa
CO■S
I
0
C,4
«HI
0
1.1
0Jp
- p
. 3
■gs
n3
0
P
O
-P
Üg
-s
o
-g
0g
I
p(
1
I
0
<+4
0a
•g
I— xi 
0 
0 
«H
0g
0 n -7'' p OJ o ^
q  q p  
“ 8-v,
176.
p., 0  q
P-t 
0 0 0 
0 H 0 
•H -P .c! 0+3 0 0 0 P, o P CO o
[—j ' '  '0 0 0 ' bÛ4J p
S15
Q  -P 
' — '  0
V i
•H
t3
0I
AiooÜ H 0
p P B
. 0 0
p Q) Ünr 0 cc3
0 4-1 Hu AP+ P 0
O U
IO U
r4 0 P  rP p4 'H
x i  ,  p  0 P 3
0
44
4-1
O
_ P  ,
0  P
°  pj 
0  O§CJ 0 
0
0 ‘H 
P< rH
0  >s
0  P
TJ r4
CO PrC <t}P  Pd0 cid
S  P
0
0
Io
o
0 
s
0 
p  
T) O
.Ci 0  
cc5 P . 
0H cij
'( .0  L
O  P  
r-l O 
O -H ^%
0 0 
P . ^
Jri
-53 d
p  pS H
•HE
4h
O
0bO i^
.3 § 
.IhEI
CO
I
1
§•H
I
XJ 0
§
p
XS
o
o
r*H 0 4-1
P
•H
p
p
1
o s
à 4-3
C7* P 0
QJ H
0 43 S  P
bO •H 0 c\J
0 P r 4 r-4
P 0 , •H
P A
0 P p t>
O ' 0 (CJ
0
P
P
P
n)
P
0
0
En
O
P
CO
0
i> p
•H •H
P P
nJ
rH
0
pci P
1 P
P 0
P 0
' d pH0
5  '1
cij *nj 
Ct 4-1
0
UO
P
P
0
U
0
1
cl
3c
•xi
I
1 7 7 .
SECTION 3.
'IHE VOLUNTARY INTAIŒ OF FEEDBLOCKS IN RELATION TO THE NUTRIENT 
REQUIREMENTS OF RUMIN^lTS
I n t r o d u c t i o n
One c la im ed  a d v an tag e  (W eir and T o r r e l l ,  1953) f o r  th e  * s e l f - f e e d *  
sy stem  o f  g iv in g  n u t r i e n t s , i s  t h a t  th e  an im a ls  th e m se lv e s  have th e  
o p p o r tu n i ty  to  d e te rm in e  th e  q u a n t i ty  o f  m a te r ia l  consum ed. The r e s u l t s  
o f  S e c t io n  2 in d i c a te d  t h a t  t h i s  i s  n o t  s t r i c t l y  c o r r e c t  f o r  f e e d b lo c k s .  
The in t a k e  a t t a i n e d  i n  a g iv e n  s i t u a t i o n  may be in f lu e n c e d  by a -wide 
v a r i e t y  o f  f a c to rs^ w h ic h  can be c a te g o r is e d  as  th o s e  in h e r e n t  i n  e i t h e r  
th e  a n im a l, o r  i n  th e  b lo c k  and o th e r  e x t e r n a l  f a c t o r s  in f lu e n c in g  b o th  
fe e d b lo c k s  and a n im a ls  to  a c o n s id e ra b le  e x t e n t .  In  some c irc u m s ta n c e s  
th e s e  e x t e r n a l  f a c t o r s  such  a s  c l im a t ic  v a r i a b l e s ,  q u a n t i ty  o f  h e rb ag e  
a v a i l a b l e  and s i z e  o f  e n c lo s u re  may be th e  p r i n c i p a l  d e te rm in a n ts  o f  
fe e d b lo c k  in t a k e .  T h e re fo re  th e  s ta te m e n t  t h a t  th e  a n im a ls  th e m se lv e s  
have th e  o p p o r tu n i ty  to  d e te rm in e  th e  q u a n t i ty  o f  fe e d b lo c k  consumed 
sh o u ld  be q u a l i f i e d  to  th e  e x te n t  t h a t  t h i s  can o n ly  o c c u r  w ith in  th e  
ran g e  o f  in ta k e s  w here o th e r  c o n s t r a i n t s  a r e  n o t  o p e r a t in g ,  o r  a r e  n o t 
y e t  s u f f i c i e n t l y  s e v e re  to  in f lu e n c e  th e  m o t iv a t io n  o f  th e  a n im a l to  
consume fe e d b lo c k .  T here  i s  a  much n a rro w e r ran g e  o f  in ta k e s  b e fo re  
th e s e  c o n s t r a i n t s  a p p ly  f o r  th e  su p p le m e n t- ty p e  fe e d b lo c k s  th a n  f o r  
th e  s u b s t i t u t e - t y p e  b lo c k s .  The s i t u a t i o n  i s  dynam ic f o r  b o th  b lo c k  
ty p e s  i n  t h a t  t h e  l i m i t s  o f  th e s e  in ta k e  ra n g e s  a r e  c o n t in u a l ly  
chang ing  in  re sp o n se  to  changes i n  th e  e x t e r n a l  f a c t o r s  (w e a th e r , 
h e rb ag e  a v a i l a b i l i t y ,  e n c lo s u re  s i z e  e t c . )  and an im a l f a c t o r s  in c lu d in g  
b e h a v io u ra l  p a t t e r n s  o f  th e  g ro u p , th e  d e n ta l  and p e rh a p s  even th e  
p h y s io lo g ic a l  s t a t u s  o f  th e  a n im a l.
S e v e r a l  f e e d b l o c k  m a n u f a c t u r e r s  p ro m o te  t h e  c l a im  t h a t  i n  a n y  
s i t u a t i o n  f e e d b l o c k s  a r e  e f f e c t i v e l y  s e l f - r é g u l a t i n g ,  f o r  ex a m p le  o n e
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o r g a n is a t io n  s t a t e s  t h a t  th e  fo rm u la tio n  and m a n u fa c tu r in g  p ro c e s s e s  
e n su re  t h a t  th e  in t a k e  o f  t h e i r  b lo c k s  w i l l  be r e g u la te d  a c c o rd in g  to  
th e  a n im a l 's  body w e ig h t and th e  d i g e s t i b i l i t y  and a v a i l a b i l i t y  o f  
ro u g h ag es  and g r a s s ,  % a t  i s  e x a c t ly  meant by s e l f - r e g u l a t i n g  i s  n o t  
c l e a r l y  d e f in e d  b u t th e  r e s u l t s  o f  S e c t io n  1 (E x p ts  2 .1 ,  3 ,1 ,  3* 2 , 3*3) 
d id  n o t  s u p p o r t  th e  c la im  t h a t  l i v e  w e ig h t was an im p o r ta n t c o n t r ib u to r y  
f a c t o r  to  in d i v id u a l  v a r i a t i o n  i n  fe e d b lo c k  in t a k e .  H erbage 
a v a i l a b i l i t y  d id  a p p e a r  (S e c t io n  2 ) to  be an im p o r ta n t fac to i"  
in f lu e n c in g  fe e d b lo c k  in t a k e  i n  some s i t u a t i o n s .  For exam ple th e  in ta k e  
o f  RS fe e d b lo c k  was n e g l i g i b l e  f o r  s u c k le r  cows on lu s h  s p r in g  p a s tu r e s .  
F eed b lo ck  in t a k e s  g r a d u a l ly  in c r e a s e d  i n  June and J u ly , a s  h e rb ag e  
a v a i l a b i l i t y  d e c l in e d .  The p a t t e r n  o f  fe e d b lo c k  in t a k e  a l s o  te n d e d  to  
c o in c id e  irâ th  changes i n  d i g e s t i b i l i t y  o f  th e  g r a z in g ,a s  w e ll  a s  h e rb ag e  
a v a i l a b i l i t y  (low  fe e d b lo c k  in t a k e  i n  A p r i l  and May, h ig h  h e rb ag e  
d i g e s t i b i l i t y 5 loW er h e rb a g e  d i g e s t i b i l i t y  i n  June  and  J u ly ;  in c r e a s e d  
fe e d b lo c k  i n t a k e ) ,  O u tw in te re d  c a t t l e  and sheep  g r a d u a l ly  'weaned* 
th e m se lv e s  o f f  fe e d b lo c k s  a s  h e rb ag e  grow th  o c c u rre d  in  th e  s p r in g ,  b u t 
againi th e  e x a c t  re a s o n s  f o r  t h i s  r e d u c t io n  and e v e n tu a l  c e s s a t i o n  o f  
fe e d b lo c k  consum ption  w ere confounded  by th e  co n co m itan t in c r e a s e  i n  
h e rb ag e  d i g e s t i b i l i t y  w ith  h e rb ag e  a v a i l a b i l i t y .
One o f  t h e  o b je c t iv e s  o f  S e c t io n  3 ( P a r t  A) was t o  i n v e s t i g a t e  
changes i n  fe e d b lo c k  in ta k e  i n  re s p o n s e  to  changes i n  d i e t  i n  b o th  
q u a l i t a t i v e  ( d i g e s t i b i l i t y )  and q u a n t i t a t i v e  ( a v a i l a b i l i t y )  te rm s .
A r e g u la t io n  o f  fe e d b lo c k  in t a k e  a c c o rd in g  to  th e  q u a l i t a t i v e  n a tu r e  
o f  th e  d i e t  w ould seem a  r e a s o n a b le  s u p p o s i t io n  i n  th e  ex trem e se n se  
b eca u se  when o f f e r e d  a  c h o ic e , sn iim als in v a r i a b ly  s e l e c t  a g a in s t  th e  
u n p a la ta b le  f e e d b l o c k s , i f  a l t e r n a t i v e  more p a l a t a b l e  fo o d s  a r e  f r e e l y  
a v a i l a b l e .  However th e  q u e s t io n  w h e th e r a  more s u b t l e  q u a n t i t a t i v e  
r e g u la t io n  o f  fe e d b lo c k  in t a k e  can o c c u r  w ith in  th e  in t a k e  ran g e  f o r  a  
p a r t i c u l a r  b lo c k  and f e e d in g  en v iro n raen t h as  n o t  been  exam ined . I f
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such  a  r e g u la to ry -  m echanism  d id  in  f a c t  o p e ra te  f o r  fe e d b lo c k s  i t  w ould 
have w id e -s p re a d  im p l ic a t io n s  f o r  a n im a l h u sb an d ry . F o r exam ple one o f  
th e  p rob lem s f a c in g  th e  sh ep h erd  i s  a t  w hat l e v e l  to  g iv e  su p p lem en ta ry  
n u t r i e n t s  i n  tro u g h s  when th e  f lo c k  i s  e x p e c te d  to  c o n ta in  n o n -p re g n a n t, 
and s in g le  and m u l t i - g r a v id  ew es. I f  th e  n u t r i e n t  a l l o c a t i o n  i s  s e t  
a c c o rd in g  to  th e  re q u ire m e n ts  o f  tw in -b e a r in g  ew es, a  w as te fu l, o v e r  
a l l o c a t i o n  i s  o f f e r e d  and v ic e - v e r s a .  In  p r a c t i c e  i t  i s  d o u b tfu l  i f  
t h i s  d ilem a  i s  o f  much consequence b eca u se  o f  th e  c o n s id e ra b le  v a r i a t i o n  
in  in t a k e  f o r  tro u g h  g iv e n  n u t r i e n t s , a s  m easured i n  E x p ts  2 ,3 ,  3«1 and 
3 .2 .
Mien ewes in  l a t e  p reg n an c y  a r e  g iv e n  * hand-fed*  n u t r i e n t s  from  
tro u g h s ,  i t  i s  u n l i k e ly  t h a t  i n d i v id u a l  consum ption  b e a rs  any  r e l a t i o n  
w h a tso e v e r to  t h e i r  re q u ire m e n ts  and  t h i s  system  o f  g iv in g  n u t r i e n t s  i s  
a lw ays l i k e l y  t o  be im p r e c is e .  However i t  iru^ght be p o s s i b le  f o r  ewes 
to  c o r r e c t  an  en e rg y  d e f i c i t  i f  f e e d b lo c k s  as  w e l l  a s  ’h a n d - fe d ’ 
n u t r i e n t s  a r e  g iv e n .  One p o s s ib le  a p p l i c a t io n  o f  t h i s  would be to  
a l l o c a t e  su p p lem en ta ry  n u t r i e n t s  to  a  f lo c k ^ w ith  a  lam b in g  p e rc e n ta g e  
150 to  200 on th e  b a s i s  o f  a l l  ewes c a r r y in g  s in g le  la m b s . Any m u l t i -  
g ra v id  ewe o r  u n d e rn o u r ish e d  s in g le - b e a r in g  a n im a l m ig h t th e n  be a b le  
to  make good i t s  en erg y  d e f i c i t  from  t h e  b lo c k .
F o o t, R u sse l, M axwell and M o rris  (1974) r e p o r te d  t h a t  when 
n u t r i e n t s  were g iv e n  to  a group o f  ewes o f  mixed age group th e  2 -y e a r  
o ld  a n im a ls  (g im m ers) w ere a t  no d is a d v a n ta g e  com pared t o  t h e i r  o ld e r  
c o u n t e r p a r t s , i n  te rm s o f  n u t r i e n t s  consum ed. However, a  p r o p o r t io n  o f  
th e  m u l t i - g r a v id  ewes w ere p e n a l i s e d  n u t r i t i o n a l l y  i n  th e  c o m p e ti t iv e  
s i t u a t i o n  i r r e s p e c t i v e  o f  a g e .
In  S e c t io n  1 , th e  in d i v id u a l  v a r i a t i o n  in  i n t a k e  by sheep g iv e n  
fe e d b lo c k s  (E x p ts  2 ,1 ,  3 .1 ,  3*2 and  3 .3 )  was in v a r i a b ly  more th a n  when 
e q u iv a le n t  am ounts o f  DM w ere consumed from  fe e d b lo c k s .  The sheep  u sed  
in  a l l  th e s e  e x p e rim e n ts  w ere i n  th e  e a r l y  s ta g e s  ( f i r s t  110 d a y s )  o f
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p reg n an cy  and th e r e f o r e  t h e i r  n u t r i e n t  re q u ire m e n ts  w ere u n l i k e ly  to  be 
much in  e x c e ss  o f  th e  n o n -p re g n a n t s t a t e .  A lso a t  no tim e  w ere th e y  
u n d e r any p ronounced  n u t r i t i o n a l  s t r e s s .  I t  w ould be im p o r ta n t  to  
e s t a b l i s h  i f  anim ials s u f f e r in g  n u t r i t i o n a l  s t r e s s ^ e s p e c i a l l y  in. te rm s  o f  
e n e rg y ^ a re  a b le  to  consume n u t r i e n t s  from  fe e d b lo c k s  a c c o rd in g  to  t h e i r  
n u t r i t i o n a l  n e e d s . A s i t u a t i o n  co u ld  p o s s ib ly  a r i s e  w here a n im a ls  
m o tiv a te d  by h u n g er w ere p re p a re d  to  spend  more tim e  a t  t h e  b lo c k  each  
day and r a i s e  t h e i r  t o l e r a n c e  to  u n p a la ta b le  fe e d b lo c k  m a t e r i a l ,  f o r  
exam ple by d rin Jc ing  more w a te r .  A l t e r n a t iv e ly ,  i t  may be t h a t  in  
s p e c ia l  c irc u m s ta n c e s  such  a s  l a t e  p reg n an cy  and l a c t a t i o n  th e  
c o n s t r a i n t s  on fe e d b lo c k  in t a k e  in h e r e n t  i n  th e  b lo c k  p e r  se  and  th e  
env ironm en t can be overcom e due to  a d a p ta t io n  by th e  a n im a ls  u n d e r 
n u t r i t i o n a l  s t r e s s .
One o f  th e  m ain o b je c t iv e s  o f  S e c t io n  3 ( P a r t  B) was to  d is c o v e r  
w h e th er p h y s io lo g id a l  f a c t o r s  w ere th e  p r i n c i p a l  d e te rm in a n ts  o f  
i n d i v id u a l  fe e d b lo c k  in t a k e ,  when n u t r i e n t  re q u ire m e n ts  ( p a r t i c u l a r l y  
e n e rg y ) w ere h ig h  and a l t e r n a t i v e  s o u rc e s  o f  n u t r i e n t s  l i m i t e d ;  a s  
opposed to  th e  f e e d b lo c k  p a l a t a b i l i t y  and o th e r  f a c t o r s  u n r e la te d  to  
th e  p h y s io lo g ic a l  and n u t r i t i o n a l  s t a t e  o f  th e  a n im a l. T h is  to o k  th e  
form  o f  two ex p e rim en ts  u s in g  ewes in  th e  l a s t  6 weeks o f  p re g n a n c y .
I t  a p p e a rs  t o  be a  p o p u la r  b e l i e f  t l i a t  ru m in a n ts  have th e  a b i l i t y  
to  s e l e c t ,  among th e  m a te r i a l s  a v a i l a b l e  to  them , th o s e  w hich c o n ta in  
s p e c i f i c  n u t r i e n t s  in  w hich th e y  may be d e f i c i e n t .  The fe e d b lo c k  
m a n u fa c tu re rs  and  th e  m a n u fa c tu re rs  o f  f r e e  a c c e s s  m in e ra ls  have done 
much to  en co u rag e  and f o s t e r  t h i s  b e l i e f .  For exam ple i t  i s  i n f e r r e d  
t h a t  th o s e  anima].s h a v in g  th e  g r e a t e s t  demand f o r  c a lc iu m , ph o sp h o ru s  
o r  magnesium w i l l  consume su p p lem en ts  c o n ta in in g  th e s e  e lem en ts  
a c c o rd in g ly .  The p u b lis h e d  l i t e r a t u r e  on t h i s  t o p i c  w i l l  be rev ie w e d  
l a t e r  in  t h i s  s e c t io n  b u t i n  g e n e r a l ,  t a s t e  r a t h e r  th a n  need  a p p e a rs  
to  be th e  m a jo r d e te rm in a n t o f  consxm iption. M ost f e e d b lo c k s  u s u a l ly
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c o n ta in  an  in c lu s io n  o f  magnesium ( u s u a l ly  magnesium o x id e ) .  In  some 
c a se s  s p e c ia l  fo rm u la tio n s  a r e  a v a i l a b l e  fo r  u se  a t  tim e s  when 
hypomagnesaemic te t a n y  i s  l i k e l y  to  occiun  P erhaps th e  m ost f r e q u e n t  
p e r io d  when c l i n i c a l  t e t a n y  o c c u rs  i s  i n  th e  s p r in g .  I t  i s  c la in e d  
t h a t  an im als  w i l l  consume s u f f i c i e n t  m agnesium * 'con tain ing  fe e d b lo c k  to  
p ro v e  e f f e c t i v e  a g a in s t  ' s t a g g e r s , ' w hich i s  c o n t ra ry  t o  th e  o b s e rv a t io n s  
in  S e c t io n  2 and a l s o  i n c o n s i s t e n t  w ith  th e  c la im  t h a t  fe e d b lo c k  in t a k e s  
w i l l  be r e g u la te d  a c c o rd in g  t o  h e rb ag e  a v a i l a b i l i t y  and d i g e s t i b i l i t y .  
Both h e rb ag e  a v a i l a b i l i t y  and d i g e s t i b i l i t y  a re  h ig h  i n  s p r in g .
T h e re fo re  a c o n t r a d ic t io n  i n  te rm s i s  b e in g  made; fe e d b lo c k  in ta k e s  
a r e  s t a t e d  to  be v e ry  low o r  n e g l ig ib l e  in  s p r in g ? y e t  i t  i s  c la im ed  
th e y  w i l l  p ro v id e  s u f f i c i e n t  supplementary^'- m agnesium ,to  p ro v e  e f f e c t i v e  
a g a in s t  hypom agnesaem ic t e t a n y .  A lso  th e  in d i v id u a l  v a r i a t i o n  in  
fe e d b lo c k  in t a k e  m easured  i n  S e c t io n  1 and th e  v a r i a t i o n  i n  t o t a l  group 
in ta k e  betw een days m easured  i n  S e c t io n  2 , i n d i c a t e  t h a t  i t  i s  somewhat 
o p t h a i s t i c  to  e x p e c t fe e d b lo c k s  to  be e f f e c t i v e  c a r r i e r s  o f  magnesium 
com pounds,
S e c t io n  3 ( P a r t  C) was co n ce rn ed  a l s o  w ith  an e v a lu a t io n  o f  f e e d ­
b lo c k s  a s  c a r r i e r s  o f  m agnesium  and w h e th e r ru m in a n ts  consume fe e d b lo c k s  
a c c o rd in g  to  t a s t e  r a t h e r  th a n  n e e d .
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A An i n v e s t ig a t io n  in to  th e  a b i l i t y  o f  sheep to  r e g u la te  fe e d b lo c k  
in t a k e  a c c o rd in g  to  th e  q u a l i t y  and q u a n t i ty  o f  accom panying foods
In  S e c t io n  2 r e f e r e n c e  was made to  th e  p re fe re n c e  o f  ru m in a n ts  to  
consume v i r t u a l l y  any more p a l a t a b l e  f o o d s tu f f  r a th e r  th a n  fe e d b lo c k s .
I t  w as a l s o  shown t h a t  th e r e  w ere num erous p o s s ib le  f a c t o r s  w hich c o u ld  
m odu la te  th e  in ta k e  o f  fe e d b lo c k  in  any  g iv e n  s i t u a t i o n .  Amongst th e s e  
w ere th e  q u a n t i ty  and  p e rh ap s  th e  q u a l i t y  o f  accom panying fo o d s tu f f s *  A 
.som etim es c la im ed  ad v an tag e  f o r  th e  u se  o f  ’s e l f -h e lp *  sy stem s such  a s  
fe e d b lo c k s  i s  t h a t  an im a ls  w i l l  r e g u la te  t h e i r  in t a k e s  a c c o rd in g  t o  
d i e t a r y  need  r a t h e r  th a n  t a s t e .
In  P a r t  A o f  t h i s  s e c t io n  th e  e f f e c t  o f  a l t e r i n g  e i t h e r  th e  q u a l i t y ,  
q u a n t i ty  o r  b o th  o f  n u t r i e n t s  n o t d e r iv e d  from  th e  fe e d b lo c k  on fe e d b lo c k  
in ta k e  was exam ined.
Ex p t 8 , 1 o The e f f e c t  o f  v a r i a t i o n s  in  amount o f  n i t r o g e n  (u re a  o r  
v e g e ta b le  p r o t e i n )  in  th e  b a s a l  d i e t  on th e  in ta k e  o f  v a r io u s  fe e d b lo c k s
Mat e r i a l s and M ethods
E ig h te e n , n o n - l a c t a t i n g ,  n o n -p re g n a n t, D o rse t Horn ewes w ere 
d iv id e d  in t o  2 g roups (C and D) each  o f  9 a n im a ls  and housed  in  sm a ll 
pens* The ewes re c e iv e d  a  d a i ly  a l l o c a t i o n  o f  a p p ro x im a te ly  750 g DM/ 
head o f  d i s t i l l e r y  s i f t i n g s  p lu s  215 g DM/head o f  su g a r  b e e t  p u lp  n u ts ,  
c o n ta in in g  e i t h e r  no u re a  SBP (g roup  C) o r  SBPU (320 g CP/kg o f  w hich 
220 g CP/kg was d e r iv e d  from  an a b o u t in c lu s io n  o f  u r e a )  g iv e n  to  
group D ew es. In  a d d i t io n ,  b o th  g roups o f  ewes w ere g iv e n  th e  fo llo w in g  
fe e d b lo c k s  f o r  s u c c e s s iv e  p e r io d s  o f  a b o u t 7 d a y s ,
1* CSE (146 g NaCl, 26 g u r e a /k g  DM).
2 . W 290(?6) (58 g NaCl, 51 g u re a /k g  DM).
3 .  RHE (123 g NaCl, 30 g u re a /k g  DM).
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4 . W 29l(76) (32 g NaCl, 50 g i i r e a /k g  DM).
The t o t a l  g roup in ta k e  o f  fe e d b lo c k  was m o n ito re d  by d a i l y  w e ig h in g .
The a l l o c a t i o n s  o f  s u g a r - b e e t  p u lp  n u ts  w ere th e n  d is c o n t in u e d  and a  
s im i l a r  q u a n t i ty  o f  e i t h e r  b a r le y  p e l l e t s  (B, 90 g C P/kg) (g roup  C) o r  
b a r le y - v e g e ta b le  p r o t e i n  p e l l e t s  (BV, 260 g C P/kg) (g roup  D) s u b s t i t u t e d .  
The sh eep  w ere th e n  g iv e n  CSE (5 )  and W290(76) (6 )  f e e d b lo c k s  f o r  f u r t h e r  
w eekly  p e r io d s .  F in a l ly  th e  sh eep  re c e iv e d  W290(76) fe e d b lo c k s  p lu s  t h e i r  
r e s p e c t iv e  a l l o c a t i o n s  o f  e i t h e r  SB? o r  SBPU f o r  a f u r t h e r  p e r io d  (7 )«
R e s u l ts
The mean d a i l y  in t a k e s  o f  fe e d b lo c k  DM, s a l t  and  u re a  a r e  g iv e n  
i n  T ab le  23 f o r  g roups C an d  D. The mean d a i l y  in ta k e  o f  th e  s u b s t i t u t e -  
ty p e  CSE fe e d b lo c k  was 78^ h ig h e r  ( p e r io d  a )  f o r  group D ewes g iv e n  th e  
SB? a lo n e  th a n  SBPU. T h is  d i f f e r e n c e  was s i g n i f i c a n t  ( P < 0.005)®
S im i la r ly ,  th e  in ta k e  o f  th e  s u b s t i t u t e - t y p e  W290(76) fe e d b lo c k  was 110 
and 89^ h ig h e r  f o r  g roup D ewes g iv e n  SBP (p e r io d s  b and  g r e s p e c t iv e l y )  
th a n  group  C ewes r e c e iv in g  SBPU. The d i f f e r e n c e s  w ere h ig h ly  s i g n i f i c a n t  
( P < 0 . 0 0 l ) .  T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  in ta k e s  o f  th e  
above b lo ck s,w h en  e i t h e r  b a r le y  (B) o r  b a r le y - v e g e ta b le  p r o t e i n  (BV) 
p e l l e t s  w ere g iv e n  to  th e  two g ro u p s .
The in t a k e  o f  ¥ 2 9 0 (7 6 ) by group D ewes g iv e n  SBP (1382 and 1048 g /  
h ead  f o r  p e r io d s  2 and 7 r e s p e c t iv e l y )  was s i g n i f i c a n t l y  (P <  0 ,001  and 
P < 0 .0 5 )  g r e a t e r  th a n  when th e  ewes r e c e iv e d  b a r le y  p e l l e t s  (838 g A ie a d ) . 
Group D ewes how ever consumed 29^ l e s s  CSE fe e d b lo c k  when g iv e n  SBP (6 8 4  g /  
h e a d ), com pared to  th e  in t a k e  when b a r le y  was g iv e n ,838 g /h e a d  . The 
d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
T here  w ere no d i f f e r e n c e s  i n  mean d a i l y  fe e d b lo c k  in t a k e s  o f  e i t h e r  
RHE o r  ¥ 291 ( 7 6 ) f e e d b l o c k s , i r r e s p e c t iv e  o f  w h e th e r  SBP o r  SBPU was g iv e n  
to  th e  s h e e p . The l e v e l s  o f  in t a k e  a t t a i n e d  on th e s e  b lo c k s  w ere 
c o n s id e r a b ly  below  th e  in t a k e s  f o r  ¥ 2 9 0 (7 6 ) i n  a l l .  p e r io d s  and C SE ,except
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when SBPU was g iv e n  (p e r io d  l )  t o  group  C ew es.
The h ig h e s t  in t a k e s  o f  s a l t  w ere re c o rd e d  f o r  group D ewes d u r in g  
p e r io d s  ( l )  and (2 )  (99 and 80 g /h e a d  r e s p e c t iv e ly ) ,w h e n  th e  CSE and 
W 290(?6) fe e d b lo c k s  w ere g iv e n .  The lo w e s t s a i t  i n t a k e s  o c c u rre d  d u r in g  
p e r io d  (4 )  ( l l  o r  12 g /h e a d ) , when th e  ewes r e c e iv e d  th e  W 29l(?6) 
f e e d b lo c k .
T ab le  23 E xpt 8 ,1 ,  The e f f e c t  o f  in c r e a s in g  n i t r o g e n  in t a k e  by u re a  o r  
v e g e ta b le  p r o t e i n  from  e x tra n e o u s  s o u rc e s  on th e  mean in t a k e  (I'vSE) o f  
v a r io u s  fe e d b lo c k s  (9  ew es/g ro u p )
In ta k e
g /h e a d /d a y
P e r io d F eed b lo ck  Group DM S a l t U rea T o ta lu re a
1 CSE C SBPU’^ 384 ±  54 56 10 28
D SBP 684 ±  83^ 99 18 18
2 ¥ 2 9 0 (7 6 ) C SBPU 656 ± 68 38 34 54
D SBP 1382 ± 58*** 80 71 71
3 RHE C
D
SBPU . 
SBP
269
263
t  39
±  3 7 ^ ^
33
32
8
8
28
88
4 ¥ 2 9 1 (7 6 ) C SBPU 347 ±  45 11 18 38
D SBP 395 ±  70^^ 12 20 20
5 CSE C BV 828 t  73 120 22 22
D B 883 Î  7 5 NS 128 23 23
6 ¥ 2 9 0 (7 6 ) C
D
BV
B
830
838
t  52 
t  57 ^^
48
49
42
43
42
43
7 ¥ 2 9 0 (7 6 ) C SBPU 554 ± 33 32 28 48
D SBP 1048 ±63*-** 60 54 54
-h s u p p l ie s  a p p ro x im a te ly  20 g u r e a .
lB5c
The in ta k e  o f  u re a  from  th e  fe e d b lo c k  and  a l s o  t o t a l  u re a  in t a k e ,  
was g r e a t e s t  (71 g /h e a d )  f o r  g roup D ewes g iv e n  th e  W 290(?6) b lo c k  (p e r io d  
2)0  Group C ewes g iv e n  SBPU had h ig h e r  t o t a l  u re a  in ta k e s  th a n  group D 
ewes i n  p e r io d s  ( l ) ,  ( 3 ) and ( 4 ) , when r e c e iv in g  CSE, RHE and ¥ 2 9 1 (7 6 ) 
fe e d b lo c k s 5r e s p e c t i v e l y .  The lo w e s t t o t a l  rbital-ces o f  8 and  20 g /h e a d  
r e s p e c t iv e l y  o c c u rre d  d u r in g  p e r io d s  (3 ) and ( 4 ) when group ü ewes 
r e c e iv e d  SBP.
D is c u s s io n
The re sp o n s e  o f  th e  sh eep  to  th e  p ro v is io n  o f  a d d i t i o n a l  n i t r o g e n  
v a r ie d  depend ing  on w h e th e r NPN (u i 'e a )  o r  p re fo rm ed  p r o t e i n  (v e g e ta b le  
p r o t e i n )  was g iv e n . When iu?ea in  th e  SBPU n u t was made a v a i l a b l e  to  
sheep  a l s o  r e c e iv in g  h ig h - in ta k e  ( s u b s t i t u t e - t y p e )  fe e d b lo c k s  (CSE and 
W 290(76))(jthe fe e d b lo c k  in ta k e  was c o n s id e ra b ly  re d u c e d . When p re fo rm ed  
p r o t e i n  i n  th e  b a r le y - v e g e ta b le  p e l l e t  was g iv en  to  th e  same sheep  and 
su p p ly in g  a p p ro x im a te ly  s im i la r  q u a n t i t i e s  o f  c ru d e  p r o t e i n , t h e  fe e d b lo c k  
in t a k e  was no d i f f e r e n t  from  ewes r e c e iv in g  b a r le y  a lo n e .  T h is  te n d s  to  
s u g g e s t t h a t  no n i t r o g e n  r e g u la to r y  mechanism  was o p e r a t in g  and th e  
d e c re a s e  i n  s u b s t i t u t e - t y p e  fe e d b lo c k  in ta k e  when e x t r a  n i t r o g e n  was made 
a v a i l a b l e  was p e c u l i a r  to  u r e a .
The m ost l i k e l y  e x p la n a t io n  f o r  t h i s  d e c re a s e d  in ta k e  i s  t h a t  th e  
ewes r e c e iv in g  SBPU,in a d d i t io n  to  a  l a r g e  in p u t  o f  u re a  from  th e  
f e e d b lo c k js u f f e r e d  w hat can b e s t  be c a l l e d  a s u b c l i n i c a l  u re a  t o x i c i t y  
w hich d isc o u ra g e d  f u r th e r  fe e d b lo c k  consum ption .
The ewes i n  t h i s  ex p e rim e n t w eighed  ab o u t 70 to  90 k g ,v h ic h  gave 
a  t o t a l  u r e a  in t a k e  o f  0 .3  to  O.4  and 0 .6  to  0 .8  g u re a /k g  l i v e  weighty 
f o r  group 0 sheep  ( SBPU) on CSE and  ¥ 2 9 0 (7 6 ) f e e d b lo c k , r e s p e c t iv e l y .  
However group D ewes g iv e n  o n ly  SBP had h ig h e r  u re a  i n t a k e s ,0 .8  to  
1 .0  g /k g  l i v e  w e ig h t on th e  ¥ 290 ( 7 6 ) b lo c k .
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U rea t o x i c i t y  i s  more l i k e l y  t o  r e s u l t  wiien u re a  i s  g iv e n  su d a e n ly  
a s  by d ren ch  ( e . g .  D in n in g , B r ig g s , G a llu p , O rr and B u t le r  1948; C la rk , 
O y aert and  Quinn 1951) o r  i f  t h e  d i e t  i s  d e f i c i e n t  i n  d i g e s t i b l e  
c a rb o h y d ra te  o r  i f  a n im a ls  have been  s ta r v e d  o r  f a s t e d .  T oxic q u a n t i t i e s  
o f  u re a  g iv e n  a s  a  d ren ch  to  sheep  have  been betw een 0 .2 8  and 0 ,4 4  g /k g  
l i v e  w e ig h t . ( O l t j e n ,  W a lle r , N elson  and W illia m s , 1 9 6 8 ), The sheep i n  
th e  p r e s e n t  ex p erim en t w ere r e c e iv in g  f a r  more u re a  d u r in g  p e r io d s  1, 2 
and TQthan has been  shown to  be t o x i c  when g iv e n  i n  d re n c h  fo rm ,b u t o v e r 
a  2 4 "h r tim e  i n t e r v a l .
T h e re fo re  i t  a p p e a rs  n o t  t o  be th e  q u a n t i t a t i v e  in ta k e  o f  u re a  
p e r  se  b u t how th e  u re a  i s  consumed and  o v e r w hat tim e  i n t e r v a l ,  w hich 
a f f e c t s  th e  e x ie n t  o f  a p p e t i t e  d e p re s s io n  ( s u b c l i n i c a l  to x ic ity )» ,w h e n  
la r g e  am ounts o f  u re a  a r e  g iv e n . I'ftien sheep  a re  g iv e n  fe e d b lo c k s  u n d e r 
housed  c o n d i t io n s  th e  f re q u e n c y  o f  i n d i v id u a l  v i s i t s  to  th e  b lo c k  was 
shoim to  be c o n s id e ra b le  (E x p t 2 . 1 ) .  T h e re fo re  th e  p a t t e r n  o f  u re a  
in ta k e  was l i k e l y  to  be ' l i t t l e  a n d .o f te n *  f o r  th e  sheep  g iv e n  fe e d b lo c k  
in  t h i s  ex^Deriment, However group C ewes r e c e iv e d  an a l l o c a t i o n  o f  
u re a  (20  g /h e a d )  in  one d a i l y  f e e d ^ in  a d d i t io n  to  th e  u re a  from  fe e d b lo c k s , 
I t  v/as n o t ic e d  t h a t  a f t e r  r e c e iv in g  th e  SBPU, group C ewes cea se d  to  show 
i n t e r e s t  in  th e  fe e d b lo c k s  and s p e n t  s e v e r a l  h o u rs  ly in g  down. T h is  i s  
c o n s i s t e n t  w ith  th e  h y p o th e s is  t h a t  th e  r e l a t i v e l y  l a r g e  amount o f  u re a  
(mean = 20 g /h e a d )  consumed i n  a  s h o r t  tim e  p e r io d ^ d e p re s s e d  a p p e t i t e  
(m e ta b o lic  d e p re s s io n )  o f  group C sheep  and lo w ered  fe e d b lo c k  in t a k e .  
W h ils t consum ing more u r e a  i n  p e r io d  ( 2 ) ^ group D sheep  w ere p r o te c te d  from  
s u b c l i n i c a l  t o x i c i t y  by th e  f r e q u e n t  p a t t e r n  o f  u re a  in ta -k e .
A lthough  group  D ewes consumed s i g n i f i c a n t l y  more W290(76) 
fe e d b lo c k  when g iv e n  SBP ( p e r io d  1 ) th a n  b a r le y  ( p e r io d  2)%t h i s  p ro b a b ly  
r e f l e c t s  th e  d a i ly  in t r o d u c t i o n  o f  a  new fe e d b lo c k  d u r in g  p e r io d  ( l )  and 
o n ly  e v e ry  second  day d u r in g  p e r io d  (2), r a t h e r  th a n  a  d i f f e r e n c e  i n  th e  
n a tu re  o f  t h e  fo o d s . The in ta k e s  o f  CSE when e i t h e r  SBP o r  b a r le y  were
1 8 7 .
g iv e n  to  th e  sheep  (g roup  D) w ere n o t s i g n i f i c a n t l y  d i f f e r e n t*
The t o t a l  u re a  in ta k e  (28  g /h e a d )  by group G sheep  (p e r io d  l )  
r e c e iv in g  CSE fe e d b lo c k  a t  w hich  fe e d b lo c k  in ta k e  was red u ce d  (384 g /  
h ead );w as  o n ly  h a l f  th e  u re a  in ta k e  (54  g /h e a d )d u r in g  p e r io d  2 , when 
th e  same sheep consumed 656 g /h e a d  o f  ¥290 (76 ) fe e d b lo c k . T h e re fo re  
a b s o lu te  in ta k e  o f  u re a  was n o t th e  o n ly  c r i t e r i o n  o f  a p p e t i t e  
r e g u la t io n ^ n o r  p ro b a b ly  a  v e ry  s i g n i f i c a n t  one i n  t h i s  p a r t i c u l a r  c a s e .  
S a l t  a l s o  ap p ea red  to  be im p o r ta n t ly  in v o lv e d  in  th e  mechanism* The 
r e s p e c t iv e  s a l t  in t a k e s  when 1 g o f  u re a  was consumed from  th e  CSE 
( f e e d b lo c k )  and ¥ 2 9 0 (7 6 ) fe e d b lo c k s  w ere 5 .6  and 1 .1  g . I t  w ould be 
re a s o n a b le  to  e x p e c t s a l t  to  be more im p o r ta n t i n  r e s t r i c t i n g  CSE 
in ta k e  a t  any  in t a k e  o f  u re a  th a n  f o r  t h e  ¥ 2 9 0 (7 6 ) fe e d b lo c k . 
A l t e r n a t i v e l y , t h e  ¥ 2 9 0 (7 6 ) h as  a  g r e a t e r  in ta k e  p o t e n t i a l .
The consim iption o f  t h e  low er i n t a k e  ( s u p p le m e n t- ty p e )  fe e d b lo c k s  
(RHE and  ¥ 2 9 1 (7 6 ))  was n o t a f f e c t e d  by th e  p ro v is io n  o f  a d d i t i o n a l  
n i t r o g e n  a s  u r e a .  T h is s u g g e s ts  t h a t  maximum fe e d b lo c k  in t a k e  had  
a l r e a d y  been  re a c h e d  and c o n s t r a i n t s  o th e r  th a n  s a l t  a n d /o r  u re a  in t a k e  
had ]JLmited i n t a k e .  The s a l t  in t a k e s  f o r  th e s e  supp lem en t fe e d b lo c k s  
w ere o n ly  ab o u t 11 to  33 g /h e a d  com pared w ith  30 to  I 30  g head  f o r  th e  
s u b s t i t u t e  f e e d b lo c k s .  The m ost p ro b a b le  f i r s t  l im it i .n g  c o n s t r a i n t  on 
th e  in ta k e  o f  th e  supp lem en t fe e d b lo c k s  u sed  h e re  ( d is c o u n t in g  f a c t o r s  
in h e r e n t  in  th e  a n im a l o r  e x t e r n a l  in f lu e n c e s )  was b lo c k  h a rd n e s s .
The h a rd n e ss  o f  ¥ 2 9 1 (7 6 ) i s  d e te rm in e d  by p r e s s u r e  im p a rte d  d u r in g  
e x t ru s io n  and th e  u se  o f  a  b in d in g  r e a c t io n  (m o la sse s  and  ca lc iu m  
h y d ro x id e )  to  form  c a lc iu m  s u r c o s a te .  The h a rd n e s s  o f  RHE i s  im p a rte d  
by m o d era te  c o m p re s s io n ,a l l ie d  to  t h e  u se  o f  EC fe e d  (a  d i s t i l l e r y  by­
p ro d u c t p o s s e s s in g  e x c e l l e n t  b in d in g  p r o p e r t i e s ) .  Both ca lc iu m  s u c r o s a te  
and EG fe e d  may a l s o  in f lu e n c e  fe e d b lo c k  in ta k e  i n d i r e c t l y  a s  b o th  can 
be shovai to  be u n p a la ta b le  to  ru m in a n ts .
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The r e s u l t s -  o f  E xpt 8 ,1  f a i l e d  to  show how any  c o n s i s t e n t  n i t r o g e n  
r e g u la to r y  m echanism  f o r  fe e d b lo c k  in ta k e s *  However, assum ing  t h a t  th e  
sheep  and e n v iro n m e n ta l f a c t o r s  w ere r e l a t i v e l y  c o n s ta n t  betw een 
e x p e r im e n ta l p e r io d s  some o f  th e  f a c t o r s  in h e r e n t  i n  t h e  b lo c k  p e r  se  
w hich r e g u la te  in ta k e  were i d e n t i f i e d *  For exam ple p h y s ic a l  h a rd n e s s  
a p p ea red  to  be th e  f i r s t  l im i . t in g  in ta k e  f a c t o r ,  t o t a l  s a l t  in t a k e  th e  
second  and th e n  p e rh a p s  u n p l a l a t a b i l i t y  o f  o th e r  fe e d b lo c k  n u t r i e n t s  
such a s  u re a  and EC fe e d .
E xpt 8*2 The e f f e c t  on fe e d b lo c k  (RS) in ta k e  o f  v a ry in g  th e  q u a l i t a t i v e  
and q u a n t i t a t i v e  in ta k e  o f  o th e r  d i e t a r y  c o n s t i tu e n t s■ ■■III! I IH.M IIP»!» Ill H i I........ I ,1 I .1 PMII. I . ..................
I n t r o d u c t io n
In  E xpt 8*1 i t  was shown t h a t  th e  in ta k e s  o f  b o th  t h e  s u b s t i t u t e -  
ty p e  W290(?6) and CSE fe e d b lo c k s  w ere n o t  a f f e c t e d  when e x t r a  n i t r o g e n  
was g iv e n  a s  p re fo rm ed  v e g e ta b le  p r o t e i n  b u t w ere s i g n i f i c a n t l y  low ered  
when a s in g le  fe e d  o f  u re a  i n  m o lassed  s u g a r  b e e t p u lp  w a^s in t ro d u c e d .  
The in ta k e  o f  th e  su p p le m e n t-ty p e  RHE and ¥ 2 91 (76 ) fe e d b lo c k s  was 
s l i g h t l y  b u t n o t s i g n i f i c a n t l y  lo w ered  "idien a d d i t i o n a l  u re a  was g iv e n  in  
a  s in g le  meal* The mean d a i ly  in t a k e  o f  ab o u t 20 g a d d i t i o n a l  u r e a ,  
ap p ea red  s u f f i c i e n t  t o  'm e ta b o lic a l ly *  d e p re s s  fe e d b lo c k  in ta k e *  The 
sheep  i n  t h a t  ex p erim en t r e c e iv e d  th e  u r e a - c o n ta in in g  food  i n  a 
c o m p e tit iv e  group s i t u a t i o n  and i t  i s  p o s s ib le  t h a t  th e  d i s t r i b u t i o n  o f  
th e  t o t a l  amount g iv e n  was v e ry  u n e q u a l betw een in d i v i d u a l s .  T h e re fo re  
th e  d e c re a se  i n  fe e d b lo c k  in ta k e  may have been due to  a p r o p o r t io n  o f  
in d iv id u a l s  co m p le te ly  c e a s in g  to  consume f e e d b lo c k s ,, r a th e r  th a n  a 
u n ifo rm  d e c re a se  in ta k e  by a l l  th e  sheep  i n  th e  g ro u p .
To overcom e t h i s  p o s s ib le  c o m p lic a tio n  (u n e q u a l n u t r i e n t  
d i s t r i b u t i o n ) j a d d i t i o n a l  n u t r i e n t s  were g iv en  to  i n d i v id u a l  sheep  i n  
E xpt 8 .2  by d re n c h in g  f o r  s e v e r a l  o f  th e  tr e a tm e n ts *  The main o b je c t iv e
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o f  th e  ex p erim en t rem ain ed  unchanged in  t h a t  th e  e f f e c t  o f  u p -g ra d in g  
th e  n i t r o g e n  a n d /o r  en e rg y  s t a t u s  on fe e d b lc o k  in t a k e  was exam ined .
Only one ty p e  o f  fe e d b lo c k  was u sed  i n  E xpt 8 ,2  w hich  aim s
p r i n c i p a l l y  to  im prove th e  u t i l i s a t i o n  o f  ro u g h a g e s . The in t a k e  o f  
t h i s  b lo c k  i s  c la im ed  to  be r e g u la te d  i n  a  manner r e f l e c t i n g  roughage 
q u a l i t y  (h ig h  q u a l i t y  ro u g h ag e , low  fe e d b lo c k  in t a k e  and v ic e  v e r s a ) .
M a te r ia ls  and M ethods
T h i r ty  m a tu re  S c o t t i s h  H a lf  b re d  (B order L e i c e s te r  c / ’x  C h ev io t O ) 
o r  G rey face  (B o rd e r L e i c e s te r  c f x  S c o t t i s h  B la c k fa c e  O ) w e t h e r s ^ i n i t i a l l y  
w e ig h in g  betw een 41 t o  8? kg w ere d iv id e d  in to  2 g roups (C and D) on th e  
b a s i s  o f  b re e d  and l i v e  w e ig h t .  The w e th e rs  w ere housed  and bedded on 
p o o r q u a l i t y  b a r le y  s tr a w .
Ea-ch group r e c e iv e d  a  s in g le  RS fe e d b lo c k  (P ro x im a te  a n a ly s i s  g iv e n  
in  T ab le  1 ) w ith  no c o n ta in e r .  The b lo c k s  w ere w eighed d a i ly  a t  0 9 ,0 0  hi' 
and a  new b lo c k  in t ro d u c e d  when l e s s  th a n  th e  p re v io u s  days consum ption  
re m a in e d ,a n d  th e  r e s id u e  was rem oved. The sheep  w ere a d d i t i o n a l l y  g iv e n  
th e  t r e a tm e n ts  o u t l in e d  i n  T ab le  24 f o r  p e r io d s  each o f  17 days d u r a t io n  
(136  days in  t o t a l ) ,  when a p p r o p r ia te  an a p p ro x im a te  e s t im a te  o f  roughage  
in t a k e  was made by r e c o rd in g  th e  t o t a l  group consum ption  o v e r days 11 to  
1 7 . Long ro u g h ag es  w ere g iv e n  i n  N orwegian box  f e e d e rs  to  m in im ise  
w a s ta g e . The in t a k e s  o f  RS fe e d b lo c k  o v e r  days 8 to  17 o f  th e  v a r io u s  
t r e a tm e n t  p e r io d s  w ere com pared f o r  each  group o f  sh e e p .
The sheep  w ere w eighed  on th e  l a s t  day o f  each  t r e a tm e n t  p e r io d .
The f i s h  m eal, u r e a  and s u c ro s e  d o ses  w ere p re p a re d  and 
a d m in is te re d  by m ix ing  o r  d i s s o lv in g  i n  a b o u t 0 ,5  t o  1 .0  1 o f  warm w a te r .  
B o t t le s  o f  a p p r o p r ia te  s i z e  w ere u sed  f o r  d re n c h in g .
R e s u l t s
M ost sheep  p r o g r e s s iv e ly  l o s t  l i v e  w eig h t (F ig  14) d u r in g  p e r io d s  
1 to  5 when th e  o n ly  rou g h ag e  a v a i l a b l e  was b a r le y  s tr a w . The m agn itude
F i g . 14 Expt 8 .2  L iv e -w e ig h t changes d u r in g  th e  v a r io u s  t r e a tm e n t  
o e r io d s .
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T ab le  2L £brot 8 ,2  D e s c r ip t io n  o f  t r e a tm e n ts  u sed  and t h e i r  sequence
P e r io d
( 1 )
( 2 )
Group C
Ad l ib i tu m  b a r le y  s tra w
Ad l i b i tu m  b a r le y  s tra w  p lu s  
94 g dm f i s h  m eal ( 7OO g CP/kg 
dm) e q u iv a le n t  to  mean CP 
in t a k e  (66  g ) from  RS d u r in g  
P e r io d  ( l ) .  Given in  2 d o ses  
(0 8 .0 0  and 16 .OO h r s )  o f  47 g .
Group D
Ad l ib i tu m  b a r le y  s tra w  1
Ad l ib i tu m  b a r le y  s tra w , p lu s  ■ 
22 g u r e a ,  e q u iv a le n t  to  mean , 
CP in ta k e  (62  g) from  RS 
d u r in g  P e r io d  ( l ) .  G iven in  2 
d o ses  (0 8 .0 0  and 1 6 .0 0  h r )  o f
11 g .
(3 ) Ad l i b i tu m  b a r le y  s tr a w  p lu s  
14s  g ( 1 .8 8  MJ IE )  s u c ro s e  
(me “  1 2 ,7  M l/kg) e q u iv a le n t  
t o  mean ME in ta k e  from  b a r le y  
i n  RS d u r in g  p e rio d , ( l ) .
Ad l i b i tu m  b a r le y  s tra w  p lu s  
133 g ( 1 .69  MJ me) s u c ro s e ,  
e q u iv a le n t  to  mean ME in ta k e  
from  b a r le y  i n  RS dim ing 
p e r io d  ( l )
( 4 ) P e r io d  ( l )  r e p e a te d P e r io d  ( l )  r e p e a te d .
( 5 ) P e r io d s  (2 )  and (3 ) 
com bined
P e r io d s  (2 )  and ( 3 ) 
combined
(6 ) Ad l i b i tu m  hay Ad l i b i tu m  hay
(7 ) Ad l i b i tu m  d r ie d  g r a s s  
cubes
Ad l ib i tu m  d r ie d  g r a s s  
cubes
(8 ) 1 ,1 4  kg DM /head/day o f  d r ie d  
g r a s s  c u b e s . (5 0 ^  o f  ad  
l ib i tu m  l e v e l  i n  P e r io d  7 )
1 .05  kg D M /head/day o f  d r ie d  
g ra s s  c u b e s . (50% o f  ad  
l i b i tu m  l e v e l  i n  P e r io d  7)
30  g CP, 381 g CF/kg DM
g CP, 366 g CF, 12 g EE, 63 g A sh, 472 g NFE/kg DM.
■M-
142 g CP,
221 g CF, 25 g EE, 76  g Ash and  536 g NFE/kg DM.
The RS fe e d b lo c k  was assum ed to  c o n ta in  500 g l ^ r l e y / k g  ( S a r i f - S a r b a n
and Menke 1970),
191.
o f  t h i s  l o s s  was g r e a t e s t  f o r  group D^,when th e  l iv e - w e ig h t  l o s s  (23%) 
o v e r p e r io d s  1 to  5 was s i g n i f i c a n t  ( P < O .O l) .  The r e s p e c t iv e  change in  
l i v e  w e ig h t (?%) f o r  g roup C was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  
i n i t i a l  l i v e  w e ig h t .  T here was a s i g n i f i c a n t  ( P < 0 .0 5 )  r e d u c t io n  in  l i v e  
w e ig h t f o r  group D sheep  d u r in g  p e r io d  4 ,when b lo c k  p lu s  s tra w  o n ly  ivas 
g iv e n . The l i v e  w e ig h t o f  group D sh eep  in c re a s e d  idien hay  re p la c e d  
th e  b a r le y  s tr a w .
The mean d a i ly  in t a k e s  o f  fe e d b lo c k  and roughage DM, CP and ME 
f o r  th e  v a r io u s  t r e a tm e n t  p e r io d s  a r e  g iv e n  in  T ab le 25 .
The mean d a i l y  in ta k e s  o f  RS d u r in g  p e r io d s  1 and ’4.,when b a r le y  
s tra w  a lo n e  was g iven^w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  b o th  g roups 
C and D. The e s t im a te d  in ta k e s  o f  b a r le y  s tra w  w ere how ever 12 and 35% 
g r e a t e r  i n  p e r io d  1 th a n  p e r io d  4 f o r  group C and D, r e s p e c t iv e l y .
The mean d a i ly  in t a k e  o f  RS by group C was s i g n i f i c a n t l y  ( P < 0 ,0 5 )  
in c r e a s e d  (26  and 20% g r e a t e r  th a n  p e r io d s  1 and 4 > r e s p e c t iv e ly )  when 
f i s h  m eal was g iv e n  ( p e r io d  2 ) ,  The RS in ta k e  by group D v/as s i g n i f i c a n t l y  
(P <  0 .0 1  and P <  0 ,0 5 )  red u ce d  (31 and 26% l e s s  th a n  p e r io d s  1 and 2,. «, 
r e s p e c t iv e l y )  when u re a  a lo n e  was g iv e n  ( p e r io d  2 ) .  When b o th  u re a  and 
s u c ro s e  w ere g iv e n  ( p e r io d  5) th e  mean fe e d b lo c k  in ta k e  ( l6 3  g /h e a d )  was 
a l s o  s i g n i f i c a n t l y  ( P < 0 * 0 l )  below  th e  in t a k e s  when b lo c k  and s tra w  o n ly  
was g iv e n  ( p e r io d s  1 and 4 ) .
The fe e d b lo c k  in ta k e s  (274 and 191 g f o r  g roups C an d  r e s p e c t i v e l y ) 
when s u c ro s e  a lo n e  was g iv e n  t o  th e  sheep  (p e r io d  3 )  w ere n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from  th e  in ta k e s  in  p e r io d s  1 , 4 , 5 and p e r io d  2 (g roup  D o n ly ) .  
In  p e r io d  3 th e  RS in ta k e  by group C was reduced  s i g n i f i c a n t l y  ( P < 0 ,0 5 )  
from  344 g /h e a d  in  p e r io d  2 to  (274  g /h e a d )  a  l e v e l  eo^viivalent w ith  
p e r io d  1 (273 g /h e a d ) .
The mean d a i l y  I n ta k e s  o f  b a r le y  s tra w  o v e r  p e r io d s  1 to  5 d id  
n o t  ap p e a r  to  v a ry  c o n s i s t e n t l y  w ith  th e  t r e a tm e n ts  irriposed*
When hay  was g iv e n  ( p e r io d  6) th e  RS in t a k e s  ( l2 0  and 120 g ) w ere 
57 and 49% l e s s  f o r  g roups C and D^j r e s p a c t i v e l y t h a n  th e  mean o f  p e r io d s
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1V 3,
1 and 4 (280 and 236 g ) when s tra w  a lo n e  was g iv e n . The mean d a i ly  DM 
in ta k e s  o f  hay (1020 and 1053 g f o r  g roups C and D ,r e s p e c t iv e ly )  were 
o n ly  s l i g h t l y  g r e a t e r  th a n  th e  mean in t a k e s  o f  b a r le y  s tra w  DM fo r  
p e r io d s  1 and 4 com bined (9Ô0 and 890 g ) .
Vflien d r ie d  g ra s s  cubes w ere g iv e n  ad  l ib i tu m  ( p e r io d  7 ) th e  mean 
d a i ly  in ta lc e s  o f  RS fe e d b lo c k  (81 and 6 l  g /h e a d ) w ere 71 and 7 4 /  l e s s  
th a n  when s tra w  was g iv e n  (p e r io d s  1 and 4 ) and a l s o  33 and 4 9 /  l e s s  
th a n  when hay  a lo n e  was g iv e n  (p e r io d  f o r  groups C and D j r e s p e c t iv e ly .  
The d i f f e r e n c e  was s i g n i f i c a n t  ( P < 0 .0 0 1 )  betw een s tra w  and d r ie d  g ra s s  
cubes b u t n o t  s i g n i f i c a n t  f o r  hay or d r ie d  g ra s s  c u b e s . VJhen d r i e d  g r a s s  
cubes w ere g iv e n  a t  5 0 / th e  ad  l i b i tu m  l e v e l  ( l . l  kg DM/head)^, th e  mean 
d a i ly  in ta k e s  o f  RS w ere in c r e a s e d  (215 and 253 g /h e a d )  ( l6 5  and 3 1 5 / 
f o r  g roups C and D ^ re s p e c t iv e ly )  above th e  in ta k e s  (81 and 6 l g /h e a d )  
when d r ie d  g r a s s  cubes w ere p ro v id e d  ad l ib i tu m .  These in c r e a s e s  w ere 
s i g n i f i c a n t  ( P < 0 .0 1  and  P < 0 . 0 0 l ) .  The consum ption o f  RS fe e d b lo c k  
was now no d i f f e r e n t  from  when s tra w  p lu s  b lo c k  a lo n e  was g iv e n .
D isc u s s io n
The d a ta  q u o te d  f o r  s t r a w  in t a k e s  i n  p a r t i c u l a r  w ere o n ly  
ap p ro x im ate  v a lu e s  due to  th e  d i f f i c u l t y  o f  m in im isin g  w a s ta g e , # ie n  
hay was g iv e n  th e  w as tag e  was l e s s  b u t s t i l l  c o n s id e ra b le ,  b u t l i t t l e  
w astag e  o c c u rre d  w ith  th e  d r ie d  g ra s s  c u b e s . N e v e r th e le s s ,  roughage 
in ta k e  te n d e d  to  in c r e a s e  w ith  roughage q u a l i t y  ( d i g e s t i b i l i t y )  a s  
e x p e c te d . For group C sheep  th e  h ig h e s t  b a r le y  s tra w  in ta k e  c o in c id e d  
w ith  th e  g iv in g  o f  f i s h  m eal p lu s  s u c ro s e .  The CP c o n te n t  o f  th e  d i e t  
f o r  bo th  g roups o f  sheep  from  a  co m b in a tio n  o f  fe e d b lo c k  and b a r le y  s tra w  
was n e v e r l e s s  th a n  ab o u t 80 g GP/kg DM and i t  was th e r e f o r e  u n l ik e ly  
t h a t  th e  a d d i t i o n a l  n i t r o g e n  from  th e  d re n c h e s  o f  u re a  o r  f i s h  m eal would 
in c r e a s e  s tra w  in ta k e  f u r t h e r .  In  th e  p e r io d s  when e i t h e r  hay o r  d r ie d  
g r a s s  cubes w ere g iv e n  th e  CP i n  th e  t o t a l  d i e t  was a lw ays more th a n
:i94.
a d e q u a te  i . e .  a b o u t 80 g CP/kg DM,
The c a lc u la te d  in t a k e s  o f  ME v a r ie d  betw een 7 .2  MJ ME (p e r io d  4 , 
g roup D) to  2 5 .0  MJ ME ( p e r io d  7j, g roup C ). The ME c o n te n t  o f  th e  RS 
fe e d b lo c k  was assum ed to  be 8 .9  M J/kg DM (MEF = 0 .012  CP -P O.O31 EE b  
0 .0005  CF *f 0 .0 1 4  NFE), th e  ME c o n te n ts  o f  th e  b a r le y  s tra w , hay  and
d r ie d  g r a s s  cubes w ere assum ed t o  be 7 .3 ,  8 .2  and 1 0 .7  M J/kg DM,
r e s p e c t i v e l y .  The ME o f  t h e  l a t t e r  was c a l c u la te d  from  th e  r e s u l t s  o f  
an in  v iv o  d i g e s t i b i l i t y  t r i a l  (MEF = 0 .1 5  DOMD/). The Î1E m a in ten a n ce  
re q u ire m e n t (MAFF e t  a l . ,  1975) fo r  housed  sheep  o f  64 kg l i v e  w e ig h t
i s  7 .2  MJ. T h e re fo re  th e  mean ME in t a k e  was a lw ays a t  l e a s t  e q u iv a le n t
to  th e  mean r e q u ir e m e n t .  However, p a r t i c u l a r l y  when b a r le y  s tra w  p lu s  
fe e d b lo c k  o n ly  was g iv e n  a c o n s id e ra b le  l iv e - w e ig h t  l o s s  was re c o rd e d .
T h is  may be due to  s e v e r a l  re a s o n s  such  a s  an  o v e re s t im a t io n  o f  s trav f  
i n t a k e  b eca u se  o f  w astag e  o r  an u n e q u a l d i s t r i b u t i o n  o f  th e  t o t a l  s tr a w  
o r  fe e d b lo c k  consufned betw een  sheep  (a l th o u g h  v ir tu a ,l] .y  a l l  sheep  l o s t  
w e ig h t when s tra w  p lu s  b lo c k  a lo n e  was g iv e n ) .  A lso  b eca u se  o f  th e  v e ry  
s o f t  f a e c e s  p ro d u ced  by th e  sh eep  i n d i c a t i v e  o f  a  d ig e s t iv e  u p s e t ,  a  
d e p re s s in g  e f f e c t  o f  s a l t  a n d /o r  o th e r  fe e d b lo c k  in g r e d i e n t s  on roughage  
u t i l i s a t i o n  (a s  was re c o rd e d  w ith  RHE in  d i g e s t i b i l i t y  t r i a l s .  Page 7 5 )  
can n o t be d is r e g a r d e d .  Even when th e  sheep  w ere consum ing a  mean ME 
in t a k e  from  d r ie d  g r a s s  cubes o f  above 12 M J/head (p e r io d  8)» p lu s  a  
c o n s id e ra b le  amount o f  fe e d b lo c k ^ th e  l iv e - w e ig h t  g a in s  w ere c o n s id e ra b ly  
l e s s  th a n  a n t ic ip a te d * .
Vflienever th e  d a i l y  i n t a k e  o f  RS exceeded  a b o u t 150 to  200 g DM/head^ 
th e  b ed d in g  became v e ry  w et and i t  was a lm o s t im p o s s ib le  to  keep th e  
sheep  c le a n  w ith o u t  u s in g  a  r i d i c u l o u s l y  la r g e  am ount o f  s t r a w . T h is  i s  
a lm o s t c e r t a i n l y  due to  th e  in c r e a s e d  w a te r  consum ption  r e q u i r e d  to  
e x c r e te  th e  c o n s id e ra b le  s a l t  i n t a k e s  (up to  55 g /h e a d /d a y  o r  n e a r ly  
43 g s a l t / k g  d i e t  DM) from  fe e d b lo c k  a lo n e .  C le a r ly  t h i s  s i t u a t i o n  w ould 
be v e ry  u n d e s i r a b le  and c o s t l y  i n  p r a c t i c e .
195,
The e f f e c t  o f  g iv in g  a d d i t i o n a l  u re a  (22 g )  i n  t h i s  e>qoer:uiîent^in 
two e q u a l d a i l y  d re n c h e s  was c o n s i s t e n t  w ith  th e  r e s u l t s  o f  E xpt 8 , 1  ^
w ith  th e  s u b s t i tu te - - ty p e  ¥ 2 9 0 (? 6 ) and CSE fe e d b lo c k s  (20  g u re a  g iv e n  in  
su g a r  b e e t  p u lp ) .  In  b o th  e x p e rim e n ts  fe e d b lo c k  in ta k e  v/as p ro b a b ly  
red u ce d  due t o  a  s u b c l i n i c a l  u re a  t o x i c i t y  (m e ta b o lic  d e p r e s s io n ) .  In  
Expt 8 .2  th e  u re a  g iv e n  in  a  s in g le  d ren ch  ( l l  g ) was betw een 0 .1 5  to  
0 .3 3  g lu’e a /k g  l i v e  w e ig h t ,  w h i l s t  th e  t o t a l  u re a  in t a k e  from  b o th  th e  
fe e d b lo c k s  (60 g u r e a /k g )  and 2 d a i ly  d re n c h e s  (22  g) v a r ie d  betw een 
0 .4 3  t o  0 ,9 7  g w e a /k g  l i v e  w e ig h t .  T oxic q u a n t i t i e s  o f  u r e a  g iv e n  a s  
a  d ren ch  to  sheep  have been betw een 0 ,2 8  and 0 ,4 4  g /k g  l i v e  w e ig h t 
( O l t j e n ,  W alker, N elson  and T illm a n , 1963 and R u s s e l ,  H ale  and H u b e rt, 
1 9 6 2 ).
Wlien th e  n i t r o g e n  ( p r o t e i n )  s t a t u s  o f  group C sheep  was u p g rad ed  
u s in g  f i s h  m e a l^ th e  e f f e c t  on fe e d b lo c k  consum ption  v a r ie d  depend ing  on 
w h eth er s u c ro s e  was g iv e n . F is h  m eal a lone, s i g n i f i c a n t l y  in c r e a s e d  
fe e d b lo c k  in ta k e  b u t f i s h  m eal and  s u c ro s e  to g e th e r  had no e f f e c t  com pared 
when n e i t h e r  w ere g iv e n . No s a t i s f a c t o r y  e x p la n a t io n  can be o f f e r e d  f o r  
t h i s  re s p o n se  t o  f i s h  m eal a lo n e  ( s u c ro s e  a lo n e  had no s i g n i f i c a n t  e f f e c t  
on fe e d b lo c k  in t a k e  f o r  b o th  g ro u p s  o f  sh eep ) from  th e  l i m i t e d  d a ta  
a v a i l a b l e .  As i n  Expt 8 ,1 ,  th e  p r o v is io n  o f a d d i t i o n a l  n i t r o g e n  a s  
p re fo rm e d  p r o t e i n  ( f i s h  m e a l)  d id  n o t  r e s u l t  in  any  r e d u c t io n  o f  
fe e d b lo c k  in ta k e ,  i n d i c a t i v e  t h a t  no p r o t e i n  r e g u la to r y  m echanism  a p p e a re d  
t o  e x i s t .
The in t r o d u c t io n  o f  s m a ll  am ounts o f  ME a s  s u c ro s e  ( l , 7  to  1 ,9  MJ) 
and f i s h  m eal (a b o u t 1 ,0  MJ ME)^to in c r e a s e  t o t a l  ME in t a k e  by a b o u t 32 
and 1 8 /  f o r  g ro u p s C and  r e s p e c t i v e l y  d id  n o t  s i g n i f i c a n t l y  a l t e r  
fe e d b lo c k  in t a k e .  However, when a  m ore fu n d am en ta l u p g ra d in g  o f en e rg y  
s t a t u s  was made by chang ing  th e  q u a l i t y  o f  th e  roughage g iv e n , fe e d b lo c k  
in t a k e  d e c re a se d  w ith  in c r e a s in g  roughage  q u a l i t y  (F ig  1 5 ) .  The sheep  
i n  b o th  g roups consumed m ost b lo c k  when a  p o o r q u a l i t y  ro u g h a g e (b a r le y
F ig ,1 5 a  E>pt 8 .2  The r e l a t i o n s h i p  betw een CP consumed (g /h e a d /d a y )  
from  RS fe e d b lo c k s  and CP consumed from  r e s t  o f  th e  d i e t ,  co m p ris in g  
v a r io u s  rou g h ag es  g iv e n  a lo n e  o r  w ith  d re n c h e s  o f  e i t h e r  f i s h  m eal (FM) 
o r  u re a  w ith  and w ith o u t su c ro se  (SU ),
F i g , 15b The r e l a t i o n s h i p  betw een ME consumed (M j/h e a d /d a y ) from  RS 
fe e d b lo c k s  w ith  ME consumed from  r e s t  o f  th e  d i e t .
F ig .1 5 c  The r e l a t i o n s h i p  betw een consumed (g /h e a d /d a y )  from  RS 
fe e d b lo c k s  w ith  DM consumed from  r e s t  o f  th e  d i e t .
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s tra w )  was g iv en ,, an in te r in e d ia te  q u a n t i ty  when medium q u a l i t y  roughage 
(h ay ) was g iv e n  and o n ly  a  sm a ll  q u a n t i ty  o f  b lo c k  w ith  h ig h  q u a l i t y  
roughage ( d r i e d  g r a s s  c u b e s ) .  An approxim iate r e g u la t io n  o f  fe e d b lo c k  
in ta k e  a c c o rd in g  to  th e  g ro s s  q u a l i t a t i v e  n a tu re  o f  th e  d i e t  d id  a p p e a r  
to  o p e r a te .  T h is  i s  c o n s i s t e n t  w ith  th e  o b s e rv a t io n s  made in  S e c t io n  2 
t h a t  ru m in a n ts  a t  ' l u s h '  s p r in g  g r a s s  (v e ry  h ig h  q u a l i t y  ro u g h ag e) 
r e f u s e  to  e a t  f e e d b lo c k s .  When th e  q u a n t i ty  o f d r ie d  g r a s s  cubes 
a l l o c a t e d  was h a lv e d  fe e d b lo c k  in t a k e  in c re a s e d  a p p r e c ia b ly  u n t i l  th e  
sheep  had p ro b a b ly  re a c h e d  th e  u p p e r in t a k e  l im it j im p o s e d  by c o n s t r a i n t s  
v d th in  th e  b lo c k .
These f l u c t u a t i o n s  i n  fe e d b lo c k  i n t a k e j r e f l e c t i n g  e i t h e r  roughage 
q u a l i t y  o r  q u a n t i ty  (p e rh a p s  th e  same th in g ,b e c a u s e  a l im i t e d  am ount o f  
h ig h  q u a l i t y  roughage i s  a p p ro x im a te ly  s im i la r  to  p ro v id in g  ad  l i b i tu m  
p o o r q u a l i t y  ro u g h a g e ^ in  t h a t  t o t a l  n u t r i e n t  in t a k e  i s  re d u c e d )  a r e  i n  
m ost c a se s  n o t l i k e l y  to  p r e ju d ic e  th e  h e a l th  o r  p r o d u c t i v i t y  o f  th e  
a n im a l. The e x c e p tio n  i s  t h a t  when fe e d b lo c k s  a r e  u sed  a s  c a r r i e r s  o f  
magnesium to  com bat hypom agnesaem ic t e t a n y  in  th e  s p r in g  ( P a r t  C o f  t h i s  
s e c t i o n ) .
The c r i t i c a l  q u e s t io n  to  be answ ered  and a l s o  th e  m a jo r o b je c t iv e  o f  
t h i s  s e c t io n  i s  a r e  th e s e  changes i n  fe e d b lo c k  in ta k e  m o tiv a te d  by 
n u t r i t i o n a l  need  o r  do th e y  r e f l e c t  d i f f e r e n c e s  i n  p a l a t a b i l i t y  ( t a s t e )  
and the  a b i l i t y  o f  a n im a ls  to  r e a c h  a s a t i a t e d  s ta t e ^ w i th  a  c o n se q u e n t 
f e e l i n g  o f  'w e l l - b e i n g . '
In  th e  c a se  o f  th e  b a r le y  s tr a w  and h ay y th e  a p p e t i t e  l i m i t  i s  
a lm o s t c e r t a i n l y  g o verned  by th e  p h y s ic a l  c o n s t r a i n t s  o f  th e  ro ughage  
buUc. I t  w ould a l s o  be r e a s o n a b le  to  assum e t h a t  th e  hay w ould be more 
p a l a t a b l e  th a n  th e  b a r le y  s tra w  and a l lo w  a  g r e a t e r  n u t r i e n t  (ME) in t a k e .  
Tiae a n im a ls  w ould th e n  have l e s s  d e s i r e  to  consume r e l a t i v e l y  u n p a la ta b le  
fe e d b lo c k  m a t e r i a l .  The in t a k e  o f  th e  d r ie d  g r a s s  cubes when o f f e r e d  ad  
l i b i tu m  w ould be l i m i t e d  by m e ta b o lic  c o n s t r a i n t s  on v o lu n ta r y  food  in t a k e ,
197
and th e  sheep w ould become s a t i a t e d  on p a l a ta b l e  m a te r i a l  w ith o u t 
r e c o u rs e  t o  th e  l e s s  p a l a t a b l e  feed b lo ck *  The low l e v e l  o f  consum ption  
w ith  ad  l ib i tu m  d r ie d  g r a s s  cubes p ro b a b ly  r e f l e c t s  a  n o v e l ty  i n t e r e s t  
o n ly ^ o r  d e s i r e  f o r  s a lt^ w h ic h  i s  one n u t r i e n t  c l e a r l y  shown to  be 
consumed a c c o rd in g  to  n e e d , D enton (1967 , 1969)*
In  some r e s p e c t s  th e  in ta k e  o f  fe e d b lo c k s  does ap p e a r  to  be 
r e g u la te d  in  g ro s s  te rm s a c c o rd in g  to  th e  q u a n t i ty  and p a l a t a b i l i t y  
o f  th e  o th e r  consum able DM a v a i l a b l e  to  a n im a ls . A l t e r n a t iv e ly ,  
ru m in a n ts  consume fe e d b lo c k s  i n  g r e a t e r  am ounts when th e y  a re  h u n g ry . 
T here does n o t how ever a p p e a r  to  e x i s t  any more s u b t le  p h y s io lo g ic a l ,  
mechanism  whereby fe e d b lo c k  in ta k e  i s  r e g u la te d  to  e q u a te  n i t r o g e n  o r  
ME in ta k e s  w ith  n e e d s .
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B An i n v e s t i g a t i o n  in t o  th e  a b i l i t y  o f  ewes to  consume fe e d b lo c k  
m a te r i a l  a c c o rd in g  to  t h e i r  e n e rg y  re q u ire m e n tsy o v e r  th e  f i n a l  
6 w eeks o f  p reg n an cy
I n t r o d u c t io n
Ti>;o e>rperim ents w ere co n d u c ted  to  exam ine w h e th e r a  q u a n t i t a t i v e  
r e g u la t io n  o f  fe e d b lo c k  in t a k e  f o r  en e rg y  was p o s s ib le  am ongst g roups o f  
ewes c o n ta in in g  non p re g n a n t ,  s i n g l e  and m u l t i - g r a v id  a n im a ls 5d u r in g  th e  
f i n a l  6 weeks o f  p re g n a n c y . In  b o th  e x p e rim e n ts  fe e d b lo c k s  o f  th e  
s u b s t i t u t e - ty p e  w ere u s e d , to  a l lo w  th e  w id e s t  p o s s ib le  ran g e  o f  in ta k e s  
b e fo re  c o n s t r a i n t s  in h e r e n t  in  th e  fe e d b lo c k  and e x t e r n a l  f a c t o r s  s t r o n g ly  
i n h i b i t e d  fe e d b lo c k  co n su m p tio n , The fe e d b lo c k s  u se d  w ere a l s o  
r e l a t i v e l y  h ig h  i n  ME, a f f o r d in g  in  th e o ry  th e  o p p o r tu n i ty  f o r  m u l t i -  
g ra v id  ewes t o  consume a  l a r g e - p r o p o r t io n  o f  t h e i r  t o t a l  ME re q u ire m e n ts  
from  feed b lo ck *
The f i r s t  ex p e rim e n t was c a r r i e d  o u t in d o o rs  to  o b ta in  maximum 
c o n t r o l  o v e r  th e  e x p e r im e n ta l c o n d i t io n s .  Only two d i e t a r y  com ponents 
w ere made a v a i l a b l e ,  d r ie d  g ra s s  cubes and feed b lo ck *  In  th e  second  
e x p e rim en t th e  sheep w ere a llo w ed  a c c e s s  to  a 4  ha paddock  w hich 
i n i t i a l l y  o f f e r e d  a  sm a ll amount o f  g raz in ig . S u b se q u e n tly  th e  o n ly  
m a jo r d i e t a r y  com ponents w ere hay and fe e d b lo c k s .
E xpt 9 .1 .  Energy r e g u la t io n  a s p e c ts  o f  fe e d b lo c k s  u s in g  p re g n a n t housed
sheep
M a te r ia ls  and M ethods
The ex p e rim en t was c a r r i e d  o u t d u r in g  F e b ru a ry  and March 1975, 
o v e r th e  l a s t  30  days p r i o r  to  th e  e x p e c te d  d a te  o f  p a r t u r i t i o n .  T h i r ty  
six: m a tu re  G rey face  (B o rd e r L e i c e s te r  o ^ x  S c o t t i s h  B la c k fa c e  Ç )  ew es, 
w e ig h in g  56 to  90  kg l i v e  w e ig h t w ere assum ed to  be p re g n a n t fo l lo w in g  
m a tin g ^ su b se q u e n t to  o e s t r u s  s y n c h r o n is a t io n  u s in g  i n t r a - v a g i n a l  p e s s a r ie s ,
1 9 9 ,
The ewes w ere d iv id e d  in to  two g roups (E and F) o f  18 a n im a is 5on th e  
b a s i s  o f  l i v e  w e ig h t and body c o n d i t io n  s c o r e .  Group E c o n ta in e d  ewes 
i n  h e a v ie r  (Mean l i v e  w e ig h t — 81 kg) and b e t t e r  c o n d i t io n  th a n  ewes i n  
group F (Mean l i v e  w e ig h t = 65 k g ) .  The d e n ta l  s t a t u s  o f  th e  ewes was 
v a r ia b le  and some in d iv id u a l s  had t h e i r  c e n t r a l  i n c i s o r  t e e t h  ab sen t*  The 
ewes w ere bedded on s a w d u s t.
Both g roups o f  ewes w ere g iv e n  in d i v id u a l ly  (by  p en n in g  f o r  15 
m in u te s  d a i l y  a t  0 9 .0 0  h r )  an a l l o c a t i o n  o f  d r ie d  g r a s s  cubes (930  and 
760 g DM f o r  g roups E and  F ^ r e s p e c t iv e ly )  o f  co m p o sitio n  137 g CP,
207 g CF, 21 g EE, 76 g Ash and 559 g NFE/kg DM. The DE and DCF (1 3 .0  MJ
and 92 g t , r e s p e c t iv e ly )  c o n te n ts  o f  th e  d r ie d  g ra s s  cubes w ere d e te rm in e d
u s in g  8 m atui'e  G rey face  w e th e rs  i n  m e tab o lism  c a g e s . The ME v a lu e  o f  th e
g ra s s  cubes ( l 0 . 5  M J/kg) was c a l c u la te d  u s in g  th e  e q u a tio n  MEF — DOMD/
X 0 . 15 . The ME in ta k e s  from  th e  d r ie d  g ra s s  cubes w ere 9 .8  and 8 .1  M J/ 
head  f o r  g ro u p s E and F < ^ resp ec tiv e ly ,,01* 13 and 1 1 / i n  e x c e ss  o f  th e  
M FF e t  a l .  ( l9 7 5 )  re q u ire m e n ts  f o r  m a in ten a n ce  (8 .7  and  7 .2  M J)j,fo r 
ewes o f  th e s e  l i v e  w e ig h ts .
Each group o f  ewes was a l s o  g iv e n  a  s in g le  W290(74) fe e d b lo c k  o f  
s im i la r  mean co m p o sitio n  to  t h a t  shown i n  T ab le  1 . The ME and  DCF 
c o n te n ts  o f  th e  fe e d b lo c k  ( 8 .0  MJ and I 68 g /k g  D M ,re sp e c tiv e ly )  w ere 
d e te rm in e d  in  v iv o  u s in g  m a tu re  G rey face  w e th e rs^ u s in g  th e  te c h n iq u e  
d e s c r ib e d  on page 74 « The t o t a l  group in ta k e  o f  fe e d b lo c k  m a te r i a l  was 
m easured  by d a i ly  w e ig h in g  and th e  l e v e l  o f  in ta k e  a t t a i n e d  by b o th  
g roups o f  ewes n e c e s s i t a t e d  th e  i n t r o d u c t i o n  o f  a new b lo c k  each  d a y .
The fe e d b lo c k s  c o n ta in in g  chrom ic o x id e  (2 .4 2  g /k g  DM).
The ewes w ere eq u ip p ed  f o r  t o t a l  q u a n t i t a t i v e  f a e c a l  c o l l e c t io n s  
u s in g  h a rn e s s e s  and n y lo n  mesh b a g s . Four c o l l e c t i o n s  each o f  4 -d ay s  
w ere made d u r in g  each  o f  th e  f i n a l  4 weeks o f  p reg n an c y . The d a i ly  
f a e c a l  o u tp u ts  from  in d i v id u a l  ewes w ere sam pled a c c o rd in g  to  Method 1 
(Page 71 ). The in d i v id u a l  fe e d b lo c k  in ta k e s  f o r  th e  r e s p e c t iv e
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c o l l e c t i o n  p e r io d s  w ere c a l c u la te d  from  th e  t o t a l  chrom ic o x id e  re c o v e re d  
in  th e  f a e c e s  and th e  c o n c e n tr a t io n  o f  chrom ic o x id e  i n  th e  fe e d b lo c k s .
B lood sam ples w ere o b ta in e d  from  each  ewe a t  1 0 .0 0  h r  on day 3 o f  
th e  c o l l e c t i o n  p e r io d s  f o r  th e  d e te rm in a t io n  o f  t o t a l  k e to n e s ,  p lasm a FFA 
and urea*
Upon c o m p le tio n  o f  th e  4 th  c o l l e c t i o n  p e r io d t ,s u b je c t iv e  re a s s e s s m e n t 
o f  d e n ta l  s t a t u s  vms m ade^w ith  in d iv id u a l  ewes b e in g  a l l o c a t e d  to  one o f  
5 c a te g o r ie s  (A to  E )^ u s in g  th e  c r i t e r i a  o u t l in e d  in  Expt 2 .1 .
A f te r  lam b ing  th e  ewes and t h e i r  lam bs w ere w eig h ed . In  th e  
co m p u ta tio n  o f  th e  r e s u l t s  th e  d a ta  from  bo th  g roups (E and F) have been 
com bined. The t o t a l  ME in t a k e s  from  d r ie d  g ra s s  cubes and fe e d b lo c k  
w ere c a l c u la te d  f o r  in d i v id u a l  ewes and com pared w ith  th e  t h e o r e t i c a l  
re q u ire m e n ts  (M FF  e t  a l ,  1 9 7 5 ).
Re s u l t s
On s e v e r a l  days th e  fe e d b lo c k s  g iv e n  w ere t o t a l l y  consumed a f t e r  
ab o u t 20 h o u r s j p a r t i c u l a r l y  f o r  th e  h e a v ie r  (g ro u p  E) ewes and a  new 
fe e d b lo c k  was not in t ro d u c e d  u n t i l  24 h o u rs  e lap se d ,, be cause  th e  f a e c e s  from  
th e  ewes w ere a l r e a d y  v e ry  s o f t  and a  h ig h e r  fe e d b lo c k  in ta k e  m ig h t have 
made q u a n t i t a t i v e  c o l l e c t i o n  o f  fa e c e s  im p o s s ib le .  The a l l o c a t i o n s  o f 
g r a s s  cubes g iv e n  w ere r e a d i l y  consumed w ith in  10 t o  15 m in u te s ,.w ith  th e  
e x c e p tio n  o f  one ewe in  group  E ,w hich  r e fu s e d  to  consume the  g r a s s  cubes 
r a p id l y .
The mean fe e d b lo c k  in t a k e s ,  l i t t e r  w e ig h ts  and p e rc e n ta g e  change 
i n  l i v e  w e ig h t f o r  th e  v a r io u s  c o l l e c t i o n  p e r io d s  a r e  g iv e n  i n  T ab le  26^ 
f o r  g ro u p s E and  F s e p a r a t e ly  and when com bined on th e  b a s is  o f  number 
o f  lam bs born . The number o f  ewes i n  b o th  g roups n o n -p re g n a n t o r  p ro d u c in g  
If  2 o r  3 lam bs was 12, 17 and I r r e s p e c t i v e l y .  One ewe c a r r y in g  
t r i p l e t s  (g roup  E) d ie d  lam b ing  and  th e  d a ta  f o r  t h i s  ewe i s  n o t  
in c lu d e d  i n  th e  l i t t e r  w e ig h t o r  p e rc e n ta g e  change i n  ewe l i v e  w e ig h t .
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D uring  each  c o l l e c t i o n  p e r io d  th e  h e a v ie r  ewes i n  group E consumed more 
fe e d b lo c k  p e r  head  ( l ? /  o v e r  a l l  4 c o l l e c t i o n s )  th a n  group F ew es, th e  
d i f f e r e n c e  how ever was n o t s i g n i f i c a n t .  The CV fo r  fe e d b lo c k  in t a k e  (27 
to  3 9 / )  w ith  18 ewes p e r  group  w ere o f  th e  same o rd e r  f o r  g roups o f  l6  
ewes on W290(74) i n  E xpt 2 .1 .  A ll  ewes consumed fe e d b lo c k . The minimum 
d a i ly  fe e d b lo c k  consum ption  by any ewe was 227 g DM/head. T here was a 
p r o g r e s s iv e  in c r e a s e  i n  fe e d b lo c k  consum ption  (34 and  3 0 /  f o r  g roups E and 
F r e s p e c t iv e l y )  from  c o l l e c t i o n  1 ( l2 1  to  124 days o f  p reg n an c y ) to  
c o l l e c t i o n  3 (135 to  138 days o f  p re g n a n c y ) .  T h is  in c r e a s e  was 
s i g n i f i c a n t  ( P < 0 .0 5 )  f o r  group E ew es. In  th e  f i n a l  c o l l e c t i o n  b e fo re  
p a r t u r i t i o n  (days 141 to  142) th e  mean in t a k e s  f o r  b o th  g roups o f  ewes 
d e c re a s e d .
The mean fe e d b lo c k  in t a k e  (1035 g DM/head o v er 4 c o l l e c t i o n s )  f o r  
ewes c a r r y in g  t r i p l e t s  was 6 9 /  g r e a t e r  th a n  t h a t  f o r  b a r r e n  ewes (6 l2  g 
DM h e a d ) ,  b u t th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t  b ecau se  o f  th e  sm a,ll 
num bers o f  sheep  i n  each  c a te g o ry .  .T h ere  w ere no s i g n i f i c a n t  d i f f e r e n c e s  
in  fe e d b lo c k  in t a k e b e tw e e n  ewes c a r r y in g  tw in s  (mean o v e r 4 c o l l e c t i o n s  
— 796 g DM/head) and ewes c a r r y in g  a  s in g le  fo e tu s  (850 g DM/head) i n  any 
o f  th e  c o l l e c t i o n  p e r io d s ,  th e  ewes w ith  s in g le  f o e tu s  i n  f a c t  consumed 
s l i g h t l y  more f e e d b lo c k . The fo u r  ewes c a r ry in g  3 fo e tu se s ,c o n su m e d  a 
mean 22 and 30 /  more fe e d b lo c k  o v e r a l l  c o l l e c t io n s  th a n  th e  ewes 
c a r r y in g  s in g le  o r  tw in  f o e t u s e s r e s p e c t i v e l y .  The d i f f e r e n c e s  w ere n o t  
s i g n i f i c a n t  due to  th e  s m a ll  number o f  anim.ads w ith  t r i p l e t s .
The h e a v ie r  group E had  a  s i g n i f i c a n t l y  ( P < 0 ,0 0 l )  h ig h e r  mean 
l i t t e r  w e ig h t ( 9 .0  kg ) th a n  th e  l i g h t e r  group F ewes (6 .1  k g ) .  T h is 
l a r g e l y  r e f l e c t e d  th e  g r e a t e r  number o f  t i f in s  and t r i p l e t s  i n  group E , 
However th e  ewes i n  group E l o s t  s i g n i f i c a n t l y  (P <  O .G l) m ore l i v e  w e ig h t 
o v e r th e  e x p e r im e n ta l p e r io d .  T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  
l i v e  w e ig h t c h a n g e ^ i r r e s p e c t iv e  o f  th e  number o f  fo e tu s e s  p r e s e n t  o v e r 
th e  e x p e r im e n ta l p e r io d ,  a l th o u g h  th o s e  ewes w ith  2 o r  more f o e tu s e s  l o s t
2 0 3 .
more w e ig h t th a n  s in g le  o r  b a r re n  ewes (T ab le  2 6 ) .  The p e rc e n ta g e  change 
in  l i v e  w e ig h t f o r  a l l  ewes from  day 11? o f  p reg n an cy  to  a f t e r  
p a r t u r i t i o n  was s i g n i f i c a n t l y  ( P < 0 , 0 l )  c o r r e l a t e d  ( r  — 0*449) v /ith  th e  
mean o v e r a l l  f e e d b lo c k  in ta k e /k g  l i v e  w e ig h t (on day 11? o f  p re g n a n c y ) , 
The d a ta  a r e  p r e s e n te d  g r a p h ic a l ly  i n  F ig  l 6 .  T here was no s i g n i f i c a n t  
c o r r e l a t i o n  betw een th e  l i t t e r  w e ig h t o f  ewes w ith  a  s in g le  f o e tu s  and 
fe e d b lo c k  in t a k e .  The b lo c k  in t a k e  o f  ewes c a r ry in g  2 o r  more f o e tu s e s  
was s i g n i f i c a n t l y  c o r r e l a t e d  (P < O .O l)  w ith  l i t t e r  w e ig h t ( r  = 0 ,5 9 5 ) .
The r e l a t i o n s h i p  betw een fe e d b lo c k  in t a k e  and l i t t e r  w e ig h t f o r  
in d iv id u a l  ewes i s  p r e s e n te d  in  F ig  17 .
Upon co m p le tio n  o f  c o l l e c t i o n  4 (d ay s 141 to  144) th e  d e n ta l  
s t a t u s  o f  th e  ewes was r e a s s e s s e d  and in d iv id u a l s  a l l o c a t e d  
s u b je c t iv e l y  to  one o f  5 d e n t a l  c a te g o r ie s  (A, B, C, D and  E ) .  The 
number o f  ewes in  each  c a te g o ry  was 6 , 3> 1 , 5 and 9-» 1 , 3}  2 , 3 f o r
g roups E and F , r e s p e c t i v e l y .  T here ap p ea red  to  be no r e l a t i o n s h i p  
betw een d e n ta l  s t a t u s  and number o f  f o e tu s e s  c a r r ie d ^ b u t  when th e  mean 
fe e d b lo c k  in ta k e s  o f  c a te g o r ie s  A + B ewes w ere com pared w ith  c a te g o r ie s  
D I E  ewes (917 ^  53 v . 679 t  78 g D M /head ),the  3 5 /  d i f f e r e n c e  i n  in ta k e  
o f  A +  B ewes was s i g n i f i c a n t l y  ( P < 0 ,0 5 )  h ig h e r .
The d e te rm in e d  ME in t a k e s  ( g r a s s  cubes + fe e d b lo c k )  and MAFF e t  a l ,  
( 1975 ) FIE re q u ire m e n ts  f o r  th e  ewes a r e  p r e s e n te d  i n  T ab le  27 . T here 
vra.s a  te n d e n c y  f o r  ME in t a k e  to  in c r e a s e  o v e r c o l l e c t i o n s  1 to  3 (d ay s  
121 t o  138 o f  p reg n an c y ) f o r  p re g n a n t ewes ( th e  ME i n t a k e  o f  non­
p re g n a n t ewes was c o n s ta n t  o v e r  th e  same p e r io d )^ w h ic h  r e f l e c t e d  th e  
changes i n  fe e d b lo c k  consum ption  (T a b le  2 6 ) ,  In  th e  f i n a l  f a e c a l  
c o l l e c t i o n  o f  p reg n an cy  (d a y s  141 to  144) th e  mean ME in t a k e s  d e c re a s e d ,  
i r r e s p e c t i v e  o f  u t e r i n e  b u rd e n . In  g e n e ra l  a l l  ewes consumed fe e d b lo c k  
w e ll  i n  e x c e ss  o f  MAFF e t  a l .  (1975) ME re q u ire m e n ts .  The o n ly  
in s ta n c e  w here mean ME re q u ire m e n t exceeded  t o t a l  ME in t a k e  was f o r  
ewes w ith  tw in  f o e tu s e s  d u r in g  th e  f i n a l  c o l l e c t i o n  (d ay s 14I  t o  144)
F i g ,16 9 .1  The r e l a t i o n s h i p  betw een W290(?4) in t a k e  (g  DM/kg/
l i v e  w e ig h t) m easured  o v e r  4  s p e c ia l  c o l l e c t i o n s  d u r in g  l a t e  
p regnancy  and % change i n  ewe l i v e  w e ig h t .
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F i g *17 E xpt 9 .1  The r e l a t i o n s h i p  betw een t o t a l  l i t t e r  w e ig h t (k g ) 
and  mean V/290(74) fe e d b lo c k  in ta k e  (g  D M /head/day) em ploying  4 
f a e c a l  c o l l e c t i o n s  d u r in g  l a t e  p reg n an cy  f o r  ewes c a r iy in g  s in g l e ,  
tw in  and t r i p l e t  fo e tu s e s *
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o f  pregnancy* The mean ME re q u ire m e n t o f  th e  ewes ( l6 » 3  MJ) was 9^  i n  
ex ce ss  o f  t h e  ME in ta k e  ( l 5 . 0  M J). E leven  o f  th e  i n d i v id u a l  ewes w ith  
tw in  fo e tu s e s  f a i l e d  to  m eet t h e i r  ME re q u ire m e n ts  from  days I 4 I  t o  144* 
D uring  th e  3 rd  c o l l e c t i o n  (d ay s  135 t o  138) o f  p reg n an c y ^ 5 ewes w ith  tiv in  
fo e tu s e s  consumed below  t h e i r  ME re q u ire m e n ts*  In  c o l l e c t i o n s  1 (days 
121 to  12 4 ) and 2 (d ay s 131 to  134) th e  number o f  ewes w ith  tw in  fo e tu s e s  
consum ing below  t h e i r  m a in ten an ce  re q u ire m e n ts  w ere 3 and i r r e s p e c t iv e l y *  
Ewes f a i l i n g  to  consume t h e i r  ME re q u ire m e n t ov er more th a n  1 c o l l e c t i o n  
p e r io d  ( 4 ) w ere a l l  a s s ig n e d  to  d e n t a l  c a te g o ry  E,
T ab le  27* Expt 9 .1 °  C a lc u la te d  t o t a l  MS in ta k e s  (MJ) and îffi req u ii-em en ts  
(M .^FF e t  a l*  1975) f o r  ewes housed  i n  l a t e  p reg n an cy
ME (MJ)
C o l le c t io n  P e r io d  
days o f  p reg n an cy 121-124 128-131 135-138 141-144
B a rre n  ewes (3 )*^  
ME in ta k e  
ME r e q u i r e d
1 2 .3 Ï0 .6
6 .3 ± 0 ,2
1 2 , 2+1 . 4
6 .3 1 0 .2
12 . 4^ 1 .1  
6 . 3 +0 ,2
l l * 5 l i . 3
6 .3 ± 0 .2
S in g le  f o e tu s  ( l 2 )  
ME in ta k e  
ME re q u i r e d
1 3 .3 ± lc 3
1 0 .3 + 0 ,3
1 4 .8 ± 0 ,8
1 0 .9 ± 0 .2
15»1±0,9
1 1 . 5+0 .3
1 4 . 7+0 .7
1 2 .1 + 0 ,3
Twin fo e tu s e s  ( 1 7 ) 
ME in ta k e 1 4 . 2+0 ,6 1 5 .4 ± 0 ,7 1 6 . 2+0 ,9 1 5 . 0+0 ,7
ME re q u i r e d 12 .9 ± 0 .3 1 3 .9 ± 0 ,3 1 5 .1 ± 0 .4 1 6 .3 ^ 0 .4
T hree f o e tu s e s  ( 4 ) 
ME in ta k e  
ME r e q u i r e d
1 6 . 5+0 ,4
1 3 . 9+0 .5
1 7 . 4+1 .0
1 5 .1 ± 0 ,5
1 9 , l i l . l
16 . 3+0 .5
1 9 . 2+0 .3
1 7 . 6+0 .6
+No, o f  ew es.
The n o n -p re g n a n t ewes (3 ) consumed a lm o s t tw ic e  t h e i r  MAFF e t  a l ,  
( 1975).>mean m a in ten a n ce  re q u ire m e n t i n  a l l  c o l l e c t i o n s .  The ewes 
c a r r y in g  a  s in g le  f o e tu s  s i g n i f i c a n t l y  exceeded  t h e i r  ME re q u ire m e n ts  
(22  to  3 8 a ) in  a l l  c o l l e c t i o n s .  The d i f f e r e n c e s  w ere s i g n i f i c a n t  
( P < 0 , 0 l )  f o r  c o l l e c t i o n s  2 and 3 and c o l l e c t i o n  4 ( P < 0 ,0 5 ) *  D uring
2 0 5 .
c o l l e c t i o n  1 th e  d i f f e r e n c e  was j u s t  s h o r t  o f  s i g n i f i c a n c e .  The mean 
MEi in ta k e s  f o r  th e  ewes c a r ry in g  3 fo e tu s e s  c o n s i s t e n t ly  exceeded  ME 
re q u ire m e n ts .  Over days 121 to  124 o f  p reg n an cy  t h i s  d i f f e r e n c e  was 
s i g n i f i c a n t  ( P < 0 .0 5 ) .  On a l l  o c c a s io n s  in d iv id u a l  n o n -p re g n a n t, 
s in g le  and t r i p l e t  b e a r in g  ewes consumed i n  ex ce ss  o f  t h e i r  ME 
re q u ire m e n ts .  However th e r e  was a  te n d e n c y  f o r  ewes in  d e n ta l  
c a te g o r ie s  D and  E to  have ME in t a k e s  below  d e n ta l  c a t e g o r ie s  A and B.
T ab le  28 c o n ta in s  d e t a i l s  o f  th e  b lood  (k e to n e  b o d ie s ,  p la sm a FFA 
and u r e a )  c o n c e n t r a t io n s .  T here was no c o n s i s te n t  in c r e a s in g  o r  
d e c l in in g  t r e n d  f o r  any  o f  th e s e  p a ra m e te rs  a s  p reg n an cy  ad v an ced . T here 
w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  t o t a l  k e to n e  o r FFA c o n c e n tr a t io n s  f o r  
th e  n o n -p re g n a n t ewes b u t th e  mean p lasm a u re a  (5 2 .3  mg/lOO m l) i n  
p e r io d  1 was s i g n i f i c a n t l y  ( P < 0 .0 5 )  g r e a t e r  th a n  p e r io d  4» The mean 
k e to n e  body, FFA and u re a  c o n c e n tr a t io n s  o v e r  a l l  4  p e r io d s  f o r  ewes 
w ith  a  s in g le  f o e tu s  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  non­
p re g n a n t ew es. D uring  p e r io d  2 th e  mean k e to n e  l e v e l  f o r  s in g le  
c a r ry in g  ewes ( 3 .6  mg/lOO m l) was s i g n i f i c a n t l y  (P < O .O l)  h ig h e r  th a n  
th e  v a lu e  ( 5 .0  mg/lOO m l) f o r  n o n -p re g n a n t ewes and a l s o  ( P < 0 .0 5 )  f o r  
s in g le  c a r ry in g  ewes i n  p e r io d  1 ( 2 ,5  mg/lOO m l) .  T here w ere no 
s i g n i f i c a n t  d i f f e r e n c e s  in  FFA and w e a  c o n c e n tr a t io n s  a s  p reg n an cy  
advanced  f o r  th e  s in g l e  c a r ry in g  ew es.
The ewes w ith  tw in  f o e tu s e s  had s i g n i f i c a n t l y  (P < O .O l)  h ig h e r  
k e to n e  body c o n c e n tr a t io n s  o v e r  a l l  p e r io d s  (5 .3  mg/lOO m l) th a n  s in g l e  
c a r r y in g  ewes ( 3 .8  mg/lOO m l) and (P <  0 .0 0 1 )  n o n -p re g n a n t ewes (3 -4  m g/ 
1 0 0 'm l) .  The mean k e to n e  body c o n c e n tr a t io n  in  p e r io d  1 (3*8 mg/lOO m l) 
was s i g n i f i c a n t l y  l e s s , t h a n  t h a t  f o r  p e r io d  2 (6 ,1  mg/lOO m l) and 3 
(5 .9  mg/lOO m l) a t  P <  0 ,0 5  and P <  0 .0 1 ,  r e s p e c t iv e l y .  The o v e r a l l  mean 
FFA c o n c e n tr a t io n  f o r  tw in  c a r ry in g  ewes (402 \i e q u i v / l )  was 
s i g n i f i c a n t l y  (P <  O .O l) h ig h e r  th a n  f o r  ewes w ith  a  s in g le  f o e tu s  
(284  M e q u i v / l )  and ( P < 0 .0 5 )  n o n -p re g n a n t ewes (245 M e q u i v / l ) .  T here
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w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  k e to n e  body, FFA and u re a  c o n c e n tr a t io n s  
fo r  ewes c a r ry in g  e i t h e r  2 o r  3 fo e tu s e s *  The FFA c o n c e n tr a t io n s  (506 F 
e q u i v / l )  f o r  ewes w ith  tw in  fo e tu s e s  in  p e r io d  4 were s i g n i f i c a n t l y  h ig h e r  
th a n  p e r io d  3 (288 ji e q u i v / l )  and p e r io d  2 (348 \i e q u i v / l )  a t  P <  0 .001  
and P < 0 .0 1 ,  r e s p e c t iv e l y .
The ewes c a r ry in g  3 fo e tu s e s  had  h ig h e r  k e to n e  body and FFA 
c o n c e n tr a t io n s  th a n  e i t h e r  n o n -p re g n a n t o r  s in g le  c a r ry in g  ewes b u t th e  
d i f f e r e n c e s  w ere n o t s i g n i f i c a n t  due t o  th e  sm a ll  num bers o f  sheep  i n  
th e  n o n -p re g n a n t and t r i p l e t  c a t e g o r ie s .  The mean o v e r a l l  p lasm a u re a  
c o n c e n tr a t io n s  f o r  ewes w ith  3 f o e tu s e s  w ere s i g n i f i c a n t l y  h ig h e r  in  
p e r io d s  1 , 3 and 4 ( P < 0 .0 1 ,  P <  0 .0 5  and P <  0 .0 1 , r e s p e c t iv e l y )  th a n  f o r  
n o n -p re g n a n t ew es. D uring  p e r io d s  3 and 4 th e  mean u re a  c o n c e n tr a t io n s  
f o r  ewes m t h  3 f o e tu s e s  (5 6 .8  and 5 7 .1  rag/lOO m l) w ere s i g n i f i c a n t l y  
g r e a t e r  ( P < 0 .0 1  and P <  0 .0 5 , r e s p e c t iv e l y )  th a n  f o r  ewes w ith  a  s in g le  
f o e tu s  (47*6 and 47*0 mg/lOO m l) .
The o v e r a l l  k e to n e  body c o n c e n tr a t io n s  w ere s i g n i f i c a n t l y  ( P < 0 .0 0 1 )  
c o r r e l a t e d  ( r  =  0 ,8 4 )  w ith  mean FFA v a lu e s  f o r  i n d i v id u a l  ewes o v e r a l l  
p e r io d s .  The l i n e a r  r e g r e s s io n  e q u a t io n  f o r  t h i s  r e l a t i o n s h i p  was 
y  = 97x -  104 .5  (SE o f  b = + 24) w here y  = FFA ( |i e q u i v / l )  and  x  =  t o t a l  
k e to n e  b o d ie s  (mg/lOO m l) .
Both t o t a l  k e to n e  b o d ie s  and p lasm a FFA w ere s i g n i f i c a n t l y  
(P <  0 .001  ) c o r r e l a t e d  w ith  % change i n  ewe l i v e  w e ig h t o v e r  th e  
ex p erim en t ( r  =  0 .7 0  and O .b A ^ re s p e c t iv e ly ) .  The r e l a t i o n s h i p  ( l i n e a r )  
betw een k e to n e s  and % change i n  ewe l i v e  w e ig h t was b e s t  r e p r e s e n te d  
by th e  e q u a t io n  y  =  3*15 +* 0 .2831  x  (SE o f  b t  0 .1 3 )  w here y  = t o t a l  
k e to n e s  (mg/lOO m l) and x  — ^ change i n  ewe l i v e  w e ig h t .  At k e to n e  
l e v e l s  below  a b o u t 2 .5  mg/lOO ml th e  l i n e a r  r e l a t i o n s h i p  became in v o lv e d .  
The l i n e a r  r e l a t i o n s h i p  betw een  FFA and % change i n  ewe l i v e  w e ig h t was 
r e p r e s e n te d  by th e  e q u a t io n  y  — 249 +' 19«6 x  (SE o f  b t  5 .1 )  w here 
y  =  FFA ( p e q u i v / l )  and x — % change in  ewe l i v e  w e ig h t .  At FFA l e v e l s
2 0 8 .
below  a b o u t 200 M e q u i v / l  th e  l i n e a r  r e l a t i o n s h i p  became in v a l id *
F ig u re  18 i l l u s t r a t e s  th e  r e l a t i o n s h i p  betw een th e s e  b io c h e m ic a l 
p a ra m e te rs  (k e to n e  b o d ie s  and FFA) and p e rc e n ta g e  change i n  ewe l i v e  
w e ig h t. The p lasm a u re a  c o n c e n t r a t io n s  o f  some ewes w ere v e ry  h ig h  
( > 5 0  mg/lOO m l) .
The mean in d i v id u a l  fe e d b lo c k  :Lntakes o v e r a l l  4 c o l l e c t i o n s  were 
s i g n i f i c a n t l y  (P < 0 .0 0 1 )  c o r r e l a t e d  ( r  = 0 .5 9 )  w ith  mean p lasm a u re a  
c o n c e n t r a t io n .  T h is  r e l a t i o n s h i p  (F ig  19) co u ld  be r e p re s e n te d  by a  
h ig h ly  s i g n i f i c a n t  ( P < O.OOl) l i n e a r  r e g r e s s io n  e q u a tio n ^ y  = 0 .0 1 6 4  x  
+ 3 6 .5  (SE o f  b T 0 ..00?8)^w here y  = p lasm a urea(m g/lO O  m l) and x  — 
fe e d b lo c k  in ta k e  (g  DM).
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een t o t a l  l i t t e r  
w e ig h t and k e to n e  b o d ie s  o r  FFA. Nor was th e r e  any s i g n i f i c a n t  
r e l a t i o n s h i p  betw een fe e d b lo c k  in t a k e  and e i t h e r  t o t a l  k e to n e s  o r  FFA.
D is c u s s io n
The s m a ll  num bers o f  ewes i n  th e  n o n -p re g n a n t and t r i p l e t  
c a te g o r ie s  l im i t e d  th e  c o n f id e n c e  w hich cou ld  be p la c e d  on com parisons 
in v o lv in g  th e s e  ew es. T h e re fo re  i n  th e  d is c u s s io n  o f  th e  r e s u l t s  m ost 
em phasis h as  been  p la c e d  on th e  com parisons betw een  ewes w ith  s in g l e  
and tw in  f o e tu s e s .
The r e s u l t s  in d i c a te d  t h a t  t h e r e  d id  n o t  a p p e a r  to  be any 
q u a n t i t a t i v e  r e g u la t io n  o f  fe e d b lo c k  in ta k e  a c c o rd in g  to  number o f  
f o e tu s e s  c a r r i e d  and MAFF e t  a l .  (1975) en e rg y  r e q u ire m e n ts .  Ewes iv ith  
o n ly  a  s in g le  f o e tu s  in  f a c t  consumed s l i g h t l y  more fe e d b lo c k  th a n  ewes 
w ith  tw in  f o e tu s e s .  N e v e r th e le s s ,  s e v e r a l  i n t e r e s t i n g  p o in t s  w ere 
re v e a le d  by th e  e x p e r im e n t.
F i r s t l y ,  th e  o v e r a l l  mean fe e d b lo c k  consum ption  and  t o t a l  ME 
in ta k e  p a r t i c u l a r l y  f o r  p re g n a n t  ewes in c re a s e d  p r o g r e s s iv e ly  from  day 
121 to  day 138 a p p ro x im a te ly  o f  p re g n a n c y , i . e .  o v e r  c o l l e c t i o n s  1 to  3 .
F ig .lÔ a  Ë3q)t 9 .1  R e la t io n s h ip  betw een % change i n  ewe l i v e  
w e ig h t and FFA c o n c e n tr a t io n s  ( \i e q u i v / l )  m easured  a t  4 sam p lin g s  
d u r in g  l a t e  p reg n an c y .
F ig .lÔ b  R e la t io n s h ip  betw een ^  change i n  ewe l i v e  w e ig h t and 
t o t a l  k e to n e  body c o n c e n tr a t io n s  (mg/lOO m l) m easured  a t  4 
sam p lin g s d u r in g  l a t e  p re g n a n c y .
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F i g . 19 E xpt 9 .1  The r e l a t i o n s h i p  betw een mean p lasm a u re a  
c o n c e n tr a t io n  (mg/lOO m l) o v e r  4 sam p lin g s  d u r in g  l a t e  p reg n an cy  f o r  
n o n -p re g n a n t, s i n g l e ,  tw in  and t r i p l e t  c a r ry in g  ewes and  mean W290(74) 
in t a k e  (g  D M /head/day) m easured  o v e r 4  f a e c a l  c o l l e c t i o n s .
2 0 9 .
T h is  may have been due to  a  t r a i n i n g  r e s p o n s e b u t  a l l  ewes had r e c e iv e d  
s im i l a r  f e e d b lo c k s  e a r l i e r  i n  p reg n an c y  and sh o u ld  liave been  w e ll  
accustom ed  to  th e  b lo c k s .  In  th e  p r a c t i c a l  s i t u a t i o n  i t  i s  p e rh a p s  
im m a te r ia l  why fe e d b lo c k  in ta k e  in c r e a s e d  in  l a t e  p reg n an c y  a s  lo n g  a s  
any in c r e a s e  i s  i n  a c c o rd  w ith  th e  n u t r i t i o n a l  re q u ire m e n ts  o f  th e  
a n im a l. The in ta k e  o f  fe e d b lo c k  may have been r a t io n e d  s l i g h t l y  f o r  
th e  group E ( h e a v ie r )  ew es»because on some days th e  fe e d b lo c k  was 
c o m p le te ly  consumed a f t e r  a p p ro x ijn a te ly  20 hours*  An im m ediate  
in t r o d u c t io n  o f  f u r t h e r  b lo c k  m a te r i a l  was c o n s id e re d  u n d e s i r a b le  f o r  
re a s o n s  u n co n n ec ted  d i r e c t l y  w ith  th e  n u t r i t i o n a l  s t a t u s  o f  th e  sheep.^ 
b u t d i c t a t e d  by th e  n e c e s s i t y  o f  e n s u r in g  m anageable f a e c e s  f o r  t o t a l  
q u a n t i t a t i v e  c o l l e c t i o n s .  I t  i s  d o u b tfu l  i f  th e  p a t t e r n  o f  fe e d b lo c k  
consum ption  o v e r  th e  ex p e rim e n t w ould have been  m arked ly  a l t e r e d  i f  t h i s  
m inor r a t i o n in g  o f  fe e d b lo c k  had n o t  been  im posed .
The second p o in t  o f  i n t e r e s t  i n d i c a te d  by th e  p a t t e r n  o f  fe e d b lo c k  
and th e r e f o r e  t o t a l  ME in t a k e  i s  t h a t  th e  mean in t a k e  o f  th e  ewes 
d e c re a se d  d u r in g  th e  l a s t  week o r  so ( c o l l e c t i o n  days 141 to  1 4 4 ) o f  
p reg n an cy , i r r e s p e c t i v e  o f  number o f  f o e tu s e s  p r e s e n t .  T h is t r e n d  was 
c o n s i s t e n t  fo r  m ost in d i v id u a l  ew es. Even th e  n o n -p re g n a n t ewes showed 
a  s l i g h t  drop  i n  fe e d b lo c k  in t a k e  a t  t h i s  t im e . T h e re fo re  i t  i s  
p e rh a p s  u n l ik e ly  to  be due to  p h y s io lo g ic a l  cau ses  such  a s  an in c re a s e d  
s e c r e t io n  o f  o e s tro g e n  by p re g n a n t ew es,w hich  h as  been  f r e q u e n t ly  shown 
to  d e p re s s  a p p e t i t e  a t  and  a ro u n d  p a r t u r i t i o n .  A lso  th e  m o t iv a t io n  o f  
th e  ewes to  consume g ra s s  cubes d id  n o t  d im in ish  o v e r  th e  l a s t  few  days 
o f  p re g n a n c y .
I t  was o b se rv e d  i n  S e c t io n  2 t h a t  th e  fe e d b lo c k  in t a k e  o f  housed  
sheep  te n d e d  to  d e c l in e  in  c o ld  w e a th e r  and i t  was s u g g e s te d  t h a t  t h i s  
m ig h t be cau sed  by a  lo w er w a te r  consum ption  and a  le s s e n e d  a b i l i t y  to  
e x c r e te  s a l t  consumed from  th e  f e e d b lo c k s .  The ¥ 2 9 0 (7 4 ) fe e d b lo c k s  u sed  
i n  t h i s  ex p erim en t c o n ta in e d  o n ly  50 g /k g  s a l t  b u t th e  l e v e l  o f  s a l t
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.'Intake a t t a in e d  would be a p p r e c ia b le  (30  to  60 g /h e a d ) .  However th e  
d e c re a s e  in  mean b lo c k  in t a k e  d id  n o t  c o in c id e  w ith  a d e c re a se  i n  mean 
d a i ly  te m p e ra tu re  and th e  e x a c t  r e a s o n  f o r  th e  phenomenon rem ains 
u n e x p la in e d . I t  would be im p o r ta n t  to  e s t a b l i s h  w h e th e r t h i s  drop  i n  
fe e d b lo c k  and hence KE in t a k e  was i n f a c t  a  c o n s i s te n t  f e a t u r e  o f  
p ro v id in g  n u t r i e n t s  in  l a t e  p reg n an cy  o r  r e p re s e n te d  an  a r t i f r a c t  u n d er 
th e  p r e s e n t  e x p e r im e n ta l c irc u m s ta n c e s .  A d e c re a se  i n  fe e d b lo c k  ME 
in ta k e  a t  o r  n e a r  p a r t u r i t i o n  c o u ld  have s e r io u s  c o n s e q u e n c e s ^ e s p e c ia lly  
in  p r o l i f i c  f lo c k s ,w h e n  c o n s id e ra b le  r e l i a n c e  i s  p la c e d  on en erg y  from  
th e  fe e d b lo c k .
A t h i r d  p o in t  o f  i n t e r e s t  i n  E xpt 11.1 v/as t h a t  a p ro d u c tiv e  
group o f  ewes was a b le  to  consume s u f f i c i e n t  ME from  a s u b s t i t u t e  ty p e  
feedb lockyO ver and above a b a s a l  a l l o c a t i o n  o f  g ra s s  c u b e s . In  f a c t  
t h a t  l e v e l  o f  fe e d b lo c k  in ta k e  e x h ib i te d  by th e  n o n -p re g n a n t and s in g le  
fo e tu s  ewes v;as w e l l  i n  e x c e ss  o f  MAFF e t  a l ,  ( 1975) re q u ire m e n ts  and 
r e p r e s e n te d  a w a s te f u l  o v e r  consum ption , r e f u t i n g  th e  c la im  t h a t  sheep 
w i l l  r e g u la te  t h e i r  en e rg y  in ta k e  from  fe e d b lo c k s  a c c o rd in g  to  n e e d s .
The f a i l u r e  to  d e t e c t  any  r e g u la t io n  o f  fe e d b lo c k  in ta k e  i n  
p a r a l l e l  to  en e rg y  re q u ire m e n ts  c o u ld  p o s s ib ly  have been  in f lu e n c e d  by 
th e  e x p e r im e n ta l c i rc u m s ta n c e s .  F o r in s ta n c e ,  i f  th e  a l l o c a t i o n  o f  
d r ie d  g r a s s  cubes had been r e d u c e d ,a  g r e a t e r  n u t r i t i o n a l  s t r e s s  wou].d 
have been im posed upon th e  ewes, w hich would e n t a i l  a  h ig h e r  fe e d b lo c k  
consum ption  by some m u ltip a ro u s  ewes to  a l l e v i a t e  th e  in c re a s e d  enerQ r 
d e f i c i t .  However f o r  p r a c t i c a l  r e a s o n s  o f  f a e c a l  c o n s i s t e n c y , f u r th e r  
r e l i a n c e  on fe e d b lo c k s  to  p ro v id e  d i e t a r y  energ y  w ould have p ro b a b ly  
p r e c i p i t a t e d  s c o u r in g  and re n d e re d  th e  f a e c e s  u n c o l l e c t a b l e .  A lso  in  
th e  p r a c t i c a l  s i t u a t i o n  th e  r e l a t i v e l y  h ig h  c o s t  o f  energy  in  fe e d b lo c k s  
would make such  a  s i t u a t i o n  u n d e s i r a b l e , i n  m ost c a s e s .
I f  i n  t h i s  ex p e rim en t a l l  th e  ewes w ere o ver-consum ing  fe e d b lo c k  
and th e r e b y 'm a s k in g 'p o s s ib le  en e rg y  r e g u la t io n  m echanism s, th e  ch o ice
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o f  a  low er in t a k e  o f  r e l a t i v e l y  u n p a la ta b le  fe e d b lo c k  cou ld  p o s s ib ly  have 
d e te r r e d  some o f  th e  g r e e d ie r  n o n -p re g n a n t and some ewes w ith  a  s in g le  
fo e tu s  from  g r o s s ly  ex ce ed in g  t h e i r  req u l.red  ME in t a k e .  A l t e r n a t iv e ly  
some o f  th e  m u lt ip a ro u s  ewes c o u ld  have been e q u a l ly  d e t e r r e d  and 
s u f f e r e d  n u t r i t i o n a l l y  a s  a r e s u l t .  T h e re fo re  th e  m ost a p p r o p r ia te  
fe e d b lo c k  to  exam ine p o s s ib le  e n e rg y  r e g u la t io n  m echanism s i s  a  h ig h  
in ta k e ,  s u b s t i t u t e - t y p e  b lo c k .
The adequacy  o f  en e rg y  in t a k e s  by th e  ewes was r e f l e c t e d  by th e  
lamb b i r t h  w e ig h ts  (2 .7  to  6 .8  k g ) ,  s a t i s f a c t o r y  u d d e r developm ent and 
su b se q u e n t l a c t a t i o n  p e rfo rm a n c e . A lth o u g h ^ th e re  was some d is c re p a n c y  
betw een p e rc e n ta g e  change on l i v e  w e ig h t ov er th e  ex p e rim e n t ( a l l  
c a te g o r ie s  o f  ewes l o s t  w e ig h t)  and th e  ex p ec ted  w e ig h t change 
com m ensurate w ith  th e  m easured  ME in t a k e s ,  t h i s  p ro b a b ly  r e f l e c t e d  th e  
s ta g e  o f  p reg n an cy  when th e  i n i t i a l  w e ig h in g s w ere made. The ewes 
w ere f i r s t  weighed* on day 117 o f  p reg n an cy  w hich may n o t have been  a  
t r u e  i n d i c a t i o n  o f  l i v e  w eighty b eca u se  o f  th e  con fo u n d in g  e f f e c t  o f  
u t e r i n e  c o n te n ts .  T h e re fo re  th e  p e rc e n ta g e  change in  ewe l i v e  w e ig h t 
was p ro b a b ly  o v e r e s t i m a t e d  due to  th e  in c lu s io n  o f  some u te r i n e  
c o n te n ts  in  th e  i n i t i a l  v /e ig h t. The ME in ta k e  o f  n o n -p re g n a n t ewes 
( f a r  i n  ex ce ss  o f  m a in ten a n ce  r e q u ire m e n ts )  was s u r p r i s i n g l y  n o t  
r e f l e c t e d  i n  a  s u b s t a n t i a l  l iv e - w e ig h t  g a in .
The b lood  p a ra m e te rs  m easured  (T o ta l  k e to n e  b o d ie s  and FFA) w ere 
u s e f u l  i n d i c a t o r s  o f  n u t r i t i o n a l  s t a t u s .  P e rc e n ta g e  change i n  ewe l i v e  
w e ig h t was c lo s e ly  r e p r e s e n te d  by changes in  k e to n e  and  FFA c o n c e n t r a t io n s .  
However th e  a b s o lu te  k e to n e  l e v e l s  te n d e d  to  be r a th e r  h ig h  ( 3 .4 ,  3*# ,
5 .3  and 4 .9  mg/lOO ml f o r  n o n -p re g n a n t, ewes w ith  a  s in g le  f o e tu s ,  two 
f o e tu s e s  o r  t h r e e  fo e tu s e s ^ re s p e c tiv e ly )^ c o m p a re d  w ith  th e  v a lu e s  q u o ted  
by P e a r t  (1967) w ith  p u re  S c o t t i s h  B la c k fa c e  ewes ( w e ll  n o u r is h e d  ewes 
<3 mg/lOO m l, m o d e ra te ly  u n d e rn o u r ish e d  around  3 mg/lOO m l and s e v e r e ly  
u n d e rn o u rish e d  8 to  10 mg/lOO m3, d u r in g  th e  l a s t  4 w eeks o f  p re g n a n c y ) .
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T his may be due to  s e v e r a l  r e a s o n s .
I t  i s  p o s s i b le  t h a t  th e  e s t im a te d  v a lu e s  fo r  th e  d r ie d  g r a s s  
cubes o r  fe e d b lo c k  w ere to o  h ig h  and FîE in ta k e s  w ere a l s o  o v e re s t im a te d .  
T h is  i s  v e ry  u n l i k e ly  b eca u se  th e  ME v a lu e s  f o r  th e  r e s p e c t iv e  fo o d s , 
c a lc u la te d  from  th e  p ro x im a te  c o m p o sitio n s  u s in g  th e  e q u a t io n s  g iv e n  in  
MAFF e t  a l ,  (1975) a g re e d  c lo s e ly  w ith  th e  i n  v iv o  d e te r m in a t io n s .  
S eco n d ly , an  o v e re s t im â t io n  o f  t o t a l  k e to n e s  may have been due to  
la b o r a to r y  c o n ta m in a tio n  w ith  fo r  exam ple a c e to n e .  T h ird ly ^ th e  ME 
re q u ire m e n ts  f o r  p re g n a n t G rey face  ewes g iv en  i n  MAFF e t  a l .  ( l9 7 5 )  
a r e  to o  low and th e  ewes i n  t h i s  ex p e rim en t w ere n o t i n f a c t  s u b je c te d  to  
a  g en e ro u s  p la n e  o f  n u t r i t i o n .  The second  re a so n  how ever a p p e a rs  t o  be 
th e  m ost p la u s ib le j .b e cau se  th e  FFA v a lu e s  f o r  a d e q u a te ly  n o u r is h e d  ewes 
( 245 , 284 , 402  and 377 H e q u i v / l  f o r  n o n -p re g n a n t, ewes w ith  a. s in g le  
f o e tu s ,  two f o e tu s e s  o r  t h r e e  f o e tu s e s ^ r e s p e c t iv e ly )  a g re e  iv ith  th e  
v a lu e s  s t a t e d  by P e a r t  (1967 ) (400  to  5OO, 750 and 1200 p e q u i v / l  f o r  
w e l l ,  m o d e ra te ly  and s e v e r e ly  u n d e rn o u r ish e d  ewesj, r e s p e c t i v e l y ) . In  
t h i s  c o n te x t  th e  m o d e ra te ly  u n d e rn o u r ish e d  ewes r e c e iv e d  s u f f i c i e n t  
n u t r i e n t s  to  a lm o s t m a in ta in  body w e ig h t , in  a d d i t io n  to  su p p ly in g  
n u t r i t i o n a l  re q u ire m e n ts  o f  th e  d e v e lo p in g  f o e tu s e s ,
A f u r t h e r  p o in t  o f  i n t e r e s t  to  a r i s e  from  t h i s  ex p erim en t was th e  
c lo s e  r e l a t i o n s h i p  betw een  p lasm a u re a  c o n c e n tr a t io n  and  fe e d b lo c k  
in ta k e  ( th e  fe e d b lo c k  c o n ta in e d  o v e r  200 g CP/kg DM o f  w hich  14O g was 
CP e q u iv a le n t  from  u re a )  o v e r 4 s a m p lin g s . I t  m ig h t th u s  be p o s s ib le  
to  e s t im a te  fe e d b lo c k  in t a k e  from  p lasm a u re a  c o n c e n t r a t io n .
E xperim en t 9 .1  f a i l e d  t o  i d e n t i f y  a  q u a n t i t a t i v e  r e g u la t io n  o f  
fe e d b lo c k  in ta k e  a c c o rd in g  to  th e  e n e rg y  re q u ire m e n ts  o f  ewes d u r in g  l a t e  
p re g n a n c y . For th e  re a s o n s  a l r e a d y  stated*? p a r t i c u l a r l y  t h a t  a l l  ewes 
w ere o v er-co n su m in g  fe e d b lo c k  and g r e a t l y  exceeded  t h e i r  ME re q u ire m e n ts  
MAFF e t  a l .  ( l9 7 5 ) ,  i n  m ost c a s e s  , t h e r e f o r e  th e  e x p e r im e n ta l 
c irc u m s ta n c e s  may n o t have been co n d u c iv e  f o r  th e  i s o l a t i o n  o f
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p h y s io lo g ic a l  f a c t o r s  in f lu e n c in g  fe e d b lo c k  in t a k e .
A gain th e  im p o rtan ce  o f  d e n ta l  s t a t u s  i n  a c h ie v in g  a d e q u a te  
fe e d b lo c k  in ta k e s  was c l e a r l y  shown, th e  m a jo r i ty  o f  ew esç e s p e c i a l l y  
th o s e  c a r r y in g  tv à n s  i n  d e n ta l  c a te g o r ie s  D o r  E (bi-oken m ouths) were a t  
a  s e v e re  d is a d v a n ta g e  com pared to  ewes i n  c a te g o r ie s  A o r  B, T h is  
i l l u s t r a t e d  th e  i n a b i l i t y  o f  ewes to  overcom e th e  c o n s t r a i n t  im posed by 
an i n f e r i o r  d e n ta l  s ta tu s* ^ p erh ap s by in c re a s e d  l i c k i n g ,  even in  
c irc u m s ta n c e s  when b lo c k  in ta k e  was c r i t i c a l  to  t h e i r  n u t r i t i o n a l  w e l l ­
b e in g  .
One p o in t  w orthy  o f  c a u t io u s  op tim ism  i n  E xpt 9 ,1  was th e  
p r o g r e s s iv e  in c r e a s e  i n  fe e d b lo c k  in t a k e  a s  p reg n an cy  advanced  up to  
ab o u t th e  f i n a l  week. A lthough  th e  e x a c t  re a so n s  f o r  t h i s  co u ld  n o t  be 
a s c e r t a in e d ,  such  a  p a t t e r n  o f  in t a k e  ( th e  l a s t  week a p a r t )  i s  i n  
a c c o rd  w ith  n u t r i t i o n a l  r e q u ir e m e n ts .
T h is  phenomenon and many o f  th e  o th e r  c r i t e r i a  exam ined h e re  in  
E xpt 9 .1  were f u r t h e r  exam ined in  th e  o u td o o r s i t u a t i o n  i n  E xpt 9 .2»
E xpt 9 .2 ,  E nergy r e g u la t io n  a s p e c ts  o f  fe e d b lo c k s  u s in g  p re g n a n t and 
n o n -p re g n a n t sheep  o u td o o rs
I n t r o d u c t io n
The r e s u l- ts  o f  E xpt 9 .1  f a i l e d  to  show any. q u a n t i t a t i v e  r e g u la t io n  
o f  fe e d b lo c k  in t a k e  a c c o rd in g  to  th e  en erg y  re q u ire m e n ts  o f  non- 
p rq g n a n t,  sirjgln c a r r y in g  and m u l tip a ro u s  sh e e p . However, n e a r ly  a l l  
th e  ewes consumed fe e d b lo c k  m a te r i a l  to  th e  e x te n t  t h a t  ME in ta k e s  w ere 
u s u a l l y  more th a n  a d e q u a te  and i n  some c a s e s  w a s te f u l ly  h ig h .  The ewes 
i n  E xpt 9 .1  r e c e iv e d  b a s a l  a l l o c a t i o n s  o f  m o d era te  q u a l i t y  d r ie d  g ra s s  
cubes i n  e x c e ss  o f  t h e i r  m a in ten a n ce  r e q u ire m e n ts ,  th u s  th e  c h a l le n g e  
made a g a in s t  th e  ewes to  s a t i s f y  en e rg y  requj^rem ents from  th e  b lo c k  was
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n o t to o  s e v e re  and. i n  p r a c t i c e  m ost ewes re sp o n d ed  and e a s i l y  s u rp a s se d  
t h e i r  r e q u ir e d  ME i n t a k e s .  Only ewes w ith  b o th  an  i n f e r i o r  d e n ta l  
s t a t u s  ( c a te g o ry  D o r  E) and  c a r r y in g  tw in  fo e tu s e s  had M.E in t a k e s  below  
th e  MAFF e t  a l .  (1975) r e q u ire m e n ts .
In  Expt 9*2 i t  was in te n d e d  to  im pose a g r e a t e r  n u t r i t i o n a l  
s t r e s s  upon p re g n a n t ewes»,over t h e  c r i t i c a l  6-week p e r io d  b e fo re  
p a r tu r i t io n ^ b y  r e d u c in g  th e  p o t e n t i a l  ME in ta k e  from  roughage o r  o th e r  
so u rc e s  and co m p e llin g  th e  ewes to  r e l y  on fe e d b lo c k  to  s a t i s f y  t h e i r  
>5E r e q u ire m e n ts .  I t  was hoped t h a t  u n d e r  th e s e  c irc u m s ta n c e s  th e  
p h y s io lo g ic a l  c o n d i t io n  (p re g n a n t o r  n o n -p re g n a n t)  a n d /o r  n u t r i t i o n a l  
re q u ire m e n ts  (number o f  f o e tu s e s  p r e s e n t )  w ould be more l i k e l y  to  r e s u l t  
i n  d i f f e r e n t  and a p p r o p r ia te  am ounts o f  fe e d b lo c k  in t a k e .  In  th e  
p r a c t i c a l  s i t u a t i o n  ( p a r t i c u l a r l y  i n  h i l l  o r  u p lan d  en v iro n m e n ts )  u n d e r­
n o u rish m en t, p a r t i c u l a r l y  o f  en erg y  i s  common am ongst ewe f lo c k s  d u r in g  
l a t e  p re g n a n c y . The d e s ig n  o f  E xpt 9*2 was such  a s  to  im pose a  d e g re e  
o f  s t r e s s  t h a t  w ould r e q u i r e  a  c o n s id e r a b le  consum ption  o f  fe e d b lo c k  
by th e  ew es.
As i n  E xpt 9*1 a  fe e d b lo c k  o f  th e  s u b s t i t u t e - t y p e  was chosen , 
how ever th e  C olborn  Sheep E nergy  (CSE) fe e d b lo c k  was u se d ^ a s  i t  had a 
s l i g h t l y  g r e a t e r  ME v a lu e , th a n  th e  VJ290(74) in  E xpt 9 .1 .
E xp t 9 .2  a l s o  d i f f e r e d  in  t h a t  th e  ex p erim en t was c a r r i e d  o u t  i n  
an o u td o o r  s i tu a t io n ,w h ic h  im posed a s l i g h t l y  h ig h e r  e n e rg y  re q u ire m e n t 
upon th e  ewes due to  c l im a t ic  s t r e s s  f a c t o r s .  Only in d iv id u a l s  w ith  a  
good d e n ta l  s t a t u s  ( c a te g o ry  A) w ere u sed  to  remove t h i s  c o m p lic a tin g  
c o n s t r a i n t  on fe e d b lo c k  co nsum ption .
In  E xpt 9 .1  th e  sm a ll num bers o f  n o n -p re g n a n t and ewes v /ith  3 
fo e tu s e s  l im i.te d  th e  c o n f id e n c e  w hich co u ld  be p la c e d  on com parisons 
in v o lv in g  th e s e  c a t e g o r ie s .  I n  th e  p r e s e n t  ex p e rim en t 8 w e th e r sheep  
w ere u sed  w ith  th e  ewes a s  n o n -p re g n a n t c o n t ro l  a n im a ls .
215.
M a te r ia ls  and M ethods
The e x p e rim e n t was c a r r i e d  o u t i n  l a t e  F e b ru a ry  and March 1976 
and commenced 40 days (day  107 o f  p reg n an c y ) b e fo re  th e  ex j^ected  tim e  o f  
p a r t u r i t i o n  ( 3 /4 / 7 6 ) .  T h i r ty  one G rey face  (B o rd e r L e i c e s te r  x  S c o t t i s h  
B la c k fa c e  O) ew es ,w e ig h in g  (2 3 /2 /7 6 )  i n i t i a l l y  betw een 48 to  94 kg (Mean 
71 kg)çW ere sy n c h ro n is e d  f o r  o e s t r u s  a s  in  E xpt 11 ,1  and a llo w e d  a c c e s s  
to  a  paddock  o f  a b o u t 4 h a . E ig h t G rey face  w e th e rs  o f  s i m i l a r  mean l i v e  
w e ig h t (66  kg) accom panied th e  ewes th ro u g h o u t th e  e x p e rim e n t.
The sheep  w ere g iv e n  0 ,7 5  kg tim o th y  hay  DM (5 4  g CP, 305 g CF,
17 g EE, 47 g a sh  and 578 g NFE/kg DM) on a  group b a s i s .  The DOMD /
(53o5 -  0 .5 )  o f  th e  hay  was d e te rm in e d  i n  v iv o  u s in g  10 w e th e rs  i n  
m e tab o lism  c a g e s  and th e  ME ( 8 .0  Mj) c a l c u la te d  u s in g  th e  e q u a t io n  
MEF = 0 .1 5  X DOFID ,^ The ME p ro v id e d  by th e  hay (6  MJ) am ounted t o  a b o u t 
68% o f  t h e  mean m a in te n a n c e  re q u ire m e n t o f  th e  sheep  ( 8 .8  M j).
A d d i t io n a l ly  th e  sheep  w ere g iv e n  2 CSE fe e d b lo c k s  i n  p l a s t i c  
p u r p o s e - b u i l t  c o n ta in e r s ,w h ic h  a llo w e d  th e  sheep a c c e s s  to  o n ly  th e  to p  
s u r f a c e  o f  th e  b lo c k . The t y p i c a l  co m p o sitio n  o f  th e  CSE fe e d b lo c k  i s  
g iv e n  in  T ab le  1 , The ME c o n te n t  o f  th e  b lo c k  ( l 0 ,7  MJ) was d e te m in e d  
a c c o rd in g  to  th e  te c h n iq u e  d e s c r ib e d  on page 74 . The fe e d b lo c k s  w ere 
w eighed d a i l y  and new blocks in t ro d u c e d  when n e c e s s a ry , to  e n su re  a  t o t a l  
q u a n t i ty  o f  m a te r i a l  on o f f e r  i n  excess  o f  t h e  p re v io u s  2 4 -h r  consum ption . 
The fe e d b lo c k s  c o n ta in e d  9 .9  g chrom ic o x id e /k g  DM.
A ll  th e  sheep  w ere eq u ip p ed  f o r  q u a n t i t a t i v e  f a e c a l  c o l l e c t i o n  
u s in g  h a rn e s s e s  and n y lo n  mesh f a e c a l  b a g s . F aeces w ere c o l l e c t e d  
c o n t in u o u s ly  from  day 117 to  day 142 o f  p reg n an cy  i n  th e  form  o f  f i v e  
c o n s e c u t iv e  5 -d ay  c o l l e c t i o n s .  The f a e c a l  bags w ere e n p t ie d  once d a i l y .  
The f a e c e s  w ere subsam pled  a c c o rd in g  to  M ethod 2 i n  th e  I n t r o d u c t io n .  
I n d iv id u a l  fe e d b lo c k  in ta k e s  d u r in g  each  c o l l e c t i o n  p e r io d  w ere 
c a lc u la t e d  from  th e  mean d a i l y  re c o v e ry  o f  chrom ic o x id e . An 
ap p ro x im a te  e s t im a te  o f  in d i v id u a l  hay consum ption  v/as made by
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a p p o r tio n in g  fa e c e s  a c c o rd in g  to  th e  DM i n d i g e s t i b i l i t y  c o e f f i c i e n t s  
o f  th e  hay  and fe e d b lo c k  (0*45 and 0 .2 1 ^ r e s p e c t i v e ly ) .
On day 4 o f  each  c o l l e c t i o n  p e r io d  th e  sheep w ere w eighed and 
b lood  sam ples w ere o b ta in e d  f o r  a n a l y s i s , f o r  t o t a l  k e to n e  and FFA 
c o n c e n tra t io n s  *
A f te r  lam bing  ( in d o o r s )  th e  ewes w ere w eighed and th e  number 
o f  lambs born  and t o t a l  d ry  l i t t e r  w e ig h t reco rd ed *  The d a ta  w ere 
a n a ly se d  in  a s im i la r  m anner to  E xpt 9*1 * The ME re q u ire m e n ts  f o r  
ewes w ith  a  s in g le  f o e tu s  w ere c a lc u la te d  u s in g  th e  e q u a t io n  ME ~
( l , 2  +  0.05W )e 0*0072t f o r  ewes w ith  2 f o e tu s e s  ME =  ( 0 .8  +
0 *04W)e w here W = l i v e  w e ig h t (kg)^ t  = number o f  days p re g n a n t
and e =  2*718 (b a se  o f  natu r*a l lo g a r i th m ) .
In  th e  c a l c u l a t i o n  o f  p e rc e n ta g e  change in  l i v e  w e ig h t d a ta  f o r  
th e  ewes^ th e  i n i t i a l  l i v e  w e ig h t u se d  was th e  mean o f  th e  w e ig h t on 
21/ 11 /75  and 23/ 2/ 7 6 , I t  was hoped t h a t  t h i s  would r e f l e c t  t r u e  body 
w e ig h t w ith o u t th e  c o m p lic a tio n  o f  u t e r i n e  c o n te n ts .
R e s u lts
D uring  E xpt 9*2 th e  w e a th e r  was g e n e r a l ly  v e ry  w et w ith  s e v e r a l  
days o f  heavy , d r iv in g  r a i n  c a u s in g  th e  ewes to  seek  s h e l t e r .  The mean 
d a i ly  te m p e ra tu re  v a r ie d  betw een -1  to  5^0,
One ewe c o n s i s t e n t ly  p rod u ced  fa e c e s  c o n ta in in g  no chrom ic o x id e  
and th u s  consumed no fe e d b lo c k . T h is  an ijiial had a v e ry  low  e s t im a te d  
ME in ta k e  (6 .8  M J/day o v e r th e  e x p e r im e n ta l p e r io d )  and was n o t in c lu d e d  
in  th e  a n a ly s i s  o f  th e  r e s u l t s .  However a  v ia b le  lamb was p roduced  
w eig h in g  4 .6  k g . No re a so n  co u ld  be g iv e n  to  e x p la in  t h i s  r e f u s a l  to  
consume fe e d b lo c k  (a  f u l l  com plim ent o f  i n c i s o r  t e e t h  was p r e s e n t ) .
A second  ewe became p r o g r e s s iv e ly  w eaker a s  p reg n an cy  advanced  and 
e v e n tu a l ly  showed symptoms o f  p reg n an c y  to x a e m ia ^ c h a ra c te r is e d  by t o t a l  
k e to n e  and FFA c o n c e n tr a t io n s  i n  th e  b lo o d  o f  39*2 mg/lOO m is and
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1345 H e q u i v / l ^ r e s p e c t i v e ly ^ 10 days b e fo re  lam bing * At t h i s  tim e  th e  
ewe was removed from  th e  ex p e rim en t and re c o v e re d  a f t e r  p ro d u c in g  2 
dead lam bs (7*3 kg com bined w e ig h t ) .  Her fe e d b lo c k  consum ption  had. 
d e c re a se d  from  450 g to  140 g /d a y  o v e r c o l l e c t i o n s  1 t o  4  and th e  t o t a l  
M  in ta k e  form  9*0 to  5*0 MJ. The d a ta  from  t h i s  ewe w ere in c lu d e d  in  
th e  r e s u l t s  a n a ly s i s  when p o s s ib le *
N e a rly  a l l  th e  p re g n a n t sheep  lam bed w itlr ln  a  5 -day  p e r io d .  Twenty 
o f  th e  ewes p ro d u ced  t ’lvins (mean com bined b i r t h  w t, = 8 .7  -  0 ,3  kg, ran g e  
5 .5  to  1 1 ,4  k g ) , 7 ewes p ro d u ced  s in g l e  lam bs (mean b i r t h  vrt, — 5*3 t  0 .3 ,  
ran g e  4*6 to  6 ,4  kg ) and 4 ewes w ere n o n -p re g n a n t (12  n o n -p re g n a n t sheep 
i n ' t o t a l ) .
The l i v e  w e ig h ts ,  e s t im a te d  hay  and fe e d b lo c k  in ta k e s  f o r  non­
p re g n a n t ,  s in g le  and tw in - b e a r in g  sheep  a r e  g iv e n  in  T ab le  29^f o r  th e  
v a r io u s  c o l l e c t i o n  p e r io d s .  Over th e  t o t a l  e x p e rim en t (40  d ay s) th e  
mean in ta k e  cf fe e d b lo c k  m easured  by d a i l y  w eig h in g  was 473 -  28 g DK/ 
h ead . F eed b lo ck  in ta k e  f o r  a l l  sheep  in c re a s e d  by 77% o v e r  c o l l e c t i o n s  
1 to  5 . A lthough  th e  mean fe e d b lo c k  in ta k e s  o f  m ost sheep  in c r e a s e d  
p r o g r e s s iv e ly  d u r in g  c o l l e c t i o n s  1 to  4> th e  l a r g e s t  in c r e a s e  i n  mean 
fe e d b lo c k  consum ption o c c u rre d  duiMng c o l l e c t i o n  5 j i n  th e  week b e fo re  
lam b in g . The mean fe e d b lo c k  in ta k e  d u r in g  c o l l e c t i o n  5 (777 g DM/head) 
was s i g n i f i c a n t l y  g r e a t e r  (P < O .O l)  th a n  a l l  o th e r  c o l l e c t i o n s .
The p e rc e n ta g e  in c r e a s e s  in  fe e d b lo c k  in t a k e  o v e r  th e  e x p e r im e n ta l 
p e r io d  w ere ( c o l l e c t i o n s  1 t o  5) 126, 46 and 40% fo r  n o n -p re g n a n t ,  
s in g le  and tw in -b e a r in g  s h e e p , r e s p e c t i v e ly .  The mean in t a k e  d u r in g  
c o l l e c t i o n  5 was s i g n i f i c a n t l y  in c r e a s e d  (P < 0 .001  fo r  n o n -p re g n a n t 
and P< 0 .0 1  f o r  tvdL n-bearing  sh e e p ) o v e r  c o l l e c t i o n  1 , th e  d i f f e r e n c e  
was non s i g n i f i c a n t  f o r  s in g le - b e a r in g  sheep  due to  t h e  sm a ll number i n  
t h i s  c a te g o ry .  The c o e f f i c i e n t s  o f  in d iv id u a l  v a r i a t i o n  i n  fe e d b lo c k  
in ta k e  (4 2  to  54%) f o r  a l l  39 sheep  w ere i n  th e  same o rd e r  a s  E xpt 3 .2 j  
when th e  CSE fe e d b lo c k  was g iv e n  to  a  group o f  I 6 ew es. The c o e f f i c i e n t s
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o f  v a r i a t i o n  f o r  fe e d b lo c k  in t a k e  w ere c o n s i s t e n t ly  g r e a t e r  th a n  f o r  hay  
i n t a k e .
T here  w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  mean fe e d b lo c k  o r  hay 
i n t a k e s , , i r r e s p e c t iv e  o f  w h e th e r  one o r  two fo e tu s e s  w ere p re s e n t*  O nly 
on one o c c a s io n  ( c o l l e c t i o n  1 , days 119 to  123 o f  p regn an cy )^w as th e  
mean fe e d b lo c k  in ta .k e  o f  tw in -b e a r in g  ewes ($04  g /h e a d )  s i g n i f i c a n t l y  
g r e a t e r  th a n  t h a t  f o r  n o n -p re g n a n t sheep  (341 g /h e a d ) .  Over th e  t o t a l  
p e r io d  when fe e d b lo c k  in t a k e s  w ere m easured  th e  mean in t a k e  f o r  tw in -  
b e a r in g  ewes ( 6 l7  g /h e a d )  was 21 and  17% in  e x c e ss  o f  th e  in t a k e s  f o r  
n o n -p re g n a n t ( 509 g /h e a d )  s in g le - b e a r in g  (532 g /h e a d )  sh eep  i r r e s p e c t iv e ly .
The s in g le - b e a r in g  ewes consumed a  mean 10 and 8% more hay  DM 
th a n  n o n -p re g n a n t and  tw in -b e a r in g  s h e e p j ,r e s p e c t iv e ly j  o v e r th e  w hole 
e x p e r im e n t. The d i f f e r e n c e s  i n  hay in t a k e  betw een th e  v a r io u s  c a te g o r ie s  
d id  n o t  r e a c h  s ig n i f i c a n c e  i n  any  o f  th e  c o l l e c t i o n  p e r io d s .
The mean p e rc e n ta g e  changes i n  sheep  l i v e  w e ig h ts  f o r  n o n -p re g n a n t, 
s in g le  and tw in -b e a r in g  sheep  w ere z e r o ,  -2 0  t  2 .7  and -19  -  1.5%> 
r e s p e c t i v e l y 4 F o r t h e  p re g n a n t ewes t h i s  was a  r e f l e c t i o n  o f  change i n  
n e t  body w e ig h t The i n i t i a l  l i v e  w e ig h t
was ta k e n  to  be th e  mean o f  th e  ewes n o n -p re g n a n t w e ig h t ( l l / l l / 7 5 )  and 
th e  w e ig h t on th e  day 105 o f  p reg n an c y  (2 3 /2 /7 6 ) .  The a b s o lu te  l i v e  
w e ig h t o f  th e  p re g n a n t sheep  rem ain ed  c o n s ta n t  a s  p reg n an c y  ad v an ced , 
i n d i c a t i n g  a l o s s  i n  n e t  body w e ig h t .
T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een e i t h e r  fe e d b lo c k  
o r  hay in ta k e s  v d th  p e rc e n ta g e  change i n  l i v e  w e ig h t o f  p re g n a n t and 
a l l  sheep  com bined. The t o t a l  l i t t e r  w e ig h t o f  tw in -b e a r in g  ewes was 
s i g n i f i c a n t l y  (P 0 .0 5 )  c o r r e l a t e d  ( r  =  0 .5 5 )  w ith  CSE in t a k e .  T here 
w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een hay in ta k e  and t o t a l  l i t t e r  
w e ig h t f o r  d i to c u s  ewes a lo n e  and  when th e  p re g n a n t ewes w ere com bined.
The t o t a l  MS in t a k e s  and c a l c u la te d  lîE re q u ire m e n ts  f o r  non­
p re g n a n t ,  s in g le  and tw in -b e a r in g  sheep  d u r in g  th e  v a r io u s  c o l l e c t i o n
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p e r io d s  a r e  g iv e n  in  T ab le  3 0 , The CSE fe e d b lo c k  s u p p lie d  46 , 45 and 
50% o f  th e  t o t a l  ME in t a k e  f o r  n o n -p re g n a n t, s in g le  and tw in -b e a r in g  
s h e e p r e s p e c t i v e l y .  The n o n -p re g n a n t sheep  c o n s i s t e n t ly  exceeded  t h e i r  
r e q u ir e d  MS in ta k e s  (37% o v e r  th e  w hole ex p erim en t), th e  d i f f e r e n c e s  in  
mean ME in ta k e  ( l l , 9  M J/head) and re q u ire m e n ts  ( 8 ,6  M J/head) w ere 
s i g n i f i c a n t  ( P < 0 ,0 0 l )  i n  p e r io d s  3^ 4 and 5 and s i g n i f i c a n t  ( P < 0 « 0 l )  
o v e r a l l .  The number o f  in d iv id u a l  n o n -p re g n a n t sheep  f a i l i n g  to  
exceed  t h e i r  ME re q u ire m e n ts  w ere 5 and 3 ( o f  a t o t a l  o f  12) i n  
c o l l e c t io n s  1 and 2, r e s p e c t i v e l y .
The s in g le - b e a r in g  ewes consumed a mean 5% more ME (1 2 .7  M j/h ead ) 
th a n  t h e i r  r e q u ire m e n ts  ( l 2 , l  M J/head )j o v e r a l l  c o l l e c t i o n s .  The mean 
ME in ta k e  c o n s i s t e n t ly  exceeded  th e  r e q u ir e d  v a lu e  b u t th e  d i f f e r e n c e s  
d id  n o t  re a c h  s i g n i f i c a n c e .  Tv/o o f  t h e  6 ewes iv ith  a  s in g le  f o e tu s  
consumed i n s u f f i c i e n t  ME from  e i t h e r  b lo c k  o f  hay to  m eet t h e i r  
re q u ire m e n ts  i n  any  c o l l e c t i o n  p e r io d .
The mean d a i l y  ME in t a k e s  o f  tw in -b e a r in g  ewes ( l3 « 2  M J/head) 
w ere 10% below  th e  r e q u i r e d  amount o v e r  th e  t o t a l  e x p e r im e n ta l p e r io d  
( 1 4 .6  M j/h e a d ) , The d i f f e r e n c e  was n o t  s i g n i f i c a n t .  O nly 4 ewes 
c o n s i s t e n t ly  exceeded  t h e i r  ME re q u ire m e n ts  i n  e v e ry  c o l l e c t i o n  p e r io d .  
N ine ewes, in c lu d in g  th e  i n d iv id u a l  w hich d ev e lo p ed  c l i n i c a l  symptoms o f  
p reg n an cy  to x a e m ia , f a i l e d  t o  exceed  t h e i r  r e q u ir e d  ME in ta k e s  i n  any 
c o l l e c t i o n  p e r io d .  The t o t a l  ME in t a k e  by tw in -b e a r in g  ewes d u r in g  
p e r io d  5 ( l 5 . 2  M j/h e a d /d a y ) was s i g n i f i c a n t l y  (P < 0 .0 1  f o r  c o l l e c t io n s  
1 and 2 and P < 0 ,0 5  f o r  c o l l e c t i o n s  3 and 4 ) g r e a t e r  th a n  t h e i r  in t a k e  
d u r in g  p re v io u s  c o l l e c t i o n s .
T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  ME in t a k e s  from  
fe e d b lo c k , hay  o r  t o t a l  ME5i r r e s p e c t i v e  o f  number o f  f o e tu s e s  p r e s e n t .  
T here was no s i g n i f i c a n t  c o r r e l a t i o n  betw een t o t a l  ME in ta k e  (mean 
o v e r  a l l  c o l l e c t i o n s )  and l i t t e r  w e ig h t f o r  s in g le - b e a r in g  ew es. The 
t o t a l  l i t t e r  w e ig h t o f  tw in -b e a r in g  ewes was s i g n i f i c a n t l y  ( P < 0 .0 0 1 )
221,
COPI
1
o
o
p
cti 'V5 0
ü  r Pi
•H d 4
-P
•H 1—1 P
P  CTj ‘r-| tM
bjO p O
•H P co cO
W ü d
CM -d V
O P 0 0-.O p
r-l ü •H
0  ;s d
>  hx 0 '
0  0 0
K-1 VJ P
IX- c o  c o  c o M  NO Lrx u^ 4  c o CO
P P  P  P  P p i  p  tM O p  P  0 P4 +  t - f - i - l - 1 +  1 'h  14-1 4~ 1 1 -{-1 - r i  4 - 1 ■M
d u x  - 4  ON NO 0 - 0  P -  x-i NÛ NO CV NO
UX NÛ iM c o u x  i>- CV CV NO NO c o  4
M rM tM .M t-l
ON - 4  cv nO ON O - nO CO 4  CV o x
c q
- 4 p  p  p tM p  -M O f i ? , P
0
iM +  1 "H 4 ; 1 4-1 4-1 4 -t -t-i 4-1UX 1
o
CV O  W  NO UX cv p -  ON ON CO CV c o
c o co NO - 4  co î> - o -  4  cv co nO UX nO
tH tH t—1 I—1 tM t-l
CO
CjO  M t [N- c o  ON 4  IJX UX UX ON CO
co p  p  o t—( o  t—) p p  p  p+  1 *r 1 4-1
0
- 4
tM 4- 1 4 -M - i 4 -1 4 -1  4-1 -H -t-l
-4
co - 4  cv NÛ ON o  co 'JX UX NO tM 4
cq lo  nO cv co 4  NÛ tM c v NO NO c o  U \
iM tM T—i 1--1 tM tM
[N. c o  c o co  *-0 co CfX nO 4  0  CO
CO
CO p  p  p M  p  pH p 0 0 0 0r-C 4 - 1 4- H* 1 _ 4 ' 1 4- ( + 1 - l -1 4 - 1 - 1  4 ' t -r ico t ux O-N - 4  NO ON 0 -  NÛ tM UX 0  UX 0
ON
CV U X nO cv co U X nO cv cv NÛ £>- c o  4
vM tM t—1 t—i tM t—1
CO
c o  4  o CNf co  co  *-P UX 4  ÎX- c o• • « •
cv p  p  pH 1—1 o  t—1 o 0 0 0 0
cv
1—1 4-1  4* 14* i - f i  4 -1 4 -1  4-1 4 -t  4-1 -f-l -f-l 
nO nQ c v  c o-4
iM - 4  ICX nO o  c o  c o  nO
CV 4  NO o  c o UX nO tM rM UX NO cv COv—< tM r-l tM tM rM
!>- u x  o tM N Û  UX lO UX 4  (X- CV
c o
CV o  o  M M o  tM o 0 0 0 0
tM
r u t l o
4 -(4 -1  4-14-1 4-  ( 4-14 - 1 4-1
iM 1
ON
cv  4  0 -  tM 4  UX 0  rM
iM COnO ON co UX £>- c v  tM UX nO tM COtM 1—1 t~l tM tM
0 nO 0 0
4 !  H—' N-* 4 !  -P X! 4
4 !  4  d 44 4  d
0  G P  0
cv 4 P-P ü  -P  0 0  -P 0
g  q  ^  d  S û  O %  P  g 0  >3 P a
4  * '  iM 4  -H 0 d  tM 4  *M 0 0 rM 4  -H Q)
d  CV m  4 :  p d  4;  0 :  p û cq 33 p
bû tM t—1 H  'M B H •iM
0 ' ^  £3 e  is: 4 a  a  g  P 4 a  a  s d'd p  G o  ü 0 0 0  o" rH 0 0 0 "
o P-. p., P  p i —1 0 r-4 p  p  rM CL) p  p  1—1 0
•H 0 1 0  «M «H 4  P bc «M «M 4  p Ü t*M  <M 4 p
p hs P  0  4 P H-î H P»
0Q-, a o  ,c  r-4 r-4 o  p  0  s  E-< is: •H cq  cq 0 -q co 4 ; ^  SH ni g
222.
c o r r e l a t e d  ( r  — 0 ,6 8 )  w ith  t o t a l  ME in t a k e ,  F ig  20 .
The p e rc e n ta g e  change in  l i v e  w e ig h t f o r  a l l  sheep  was 
s i g n i f i c a n t l y  ( P < 0 .0 0 l )  c o r r e l a t e d  w ith  th e  p e rc e n ta g e  d i f f e r e n c e  
betw een a c t u a l  and r e q u i r e d  ME in t a k e .  T h is  r e l a t i o n s h ip  i s  d e s c r ib e d  
in  F ig  21 and a l i n e a r  r e g r e s s io n  e q u a t io n  (y  -  1 .8 4  x  +  2 9 .6 , SE o f  b 
-  1' 0 .79^w here  y  — % d i f f e r e n c e  in  a c t u a l  and r e q u i r e d  ME in ta k e  and 
X — % change in  sheep  l i v e  w e ig h t)  was f i t t e d  to  th e  d a t a .  T h is  
r e l a t i o n s h i p  was s i g n i f i c a n t  (P <  O .O O l). S e v e ra l  tw i.n -b e a r in g  ewes 
and 2 s in g le - b e a r in g  ewes exceeded  t h e i r  c a lc u la te d  ME re q u ire m e n ts  
(mean o f  5 c o l l e c t i o n s ) ^ y e t  s t i l l  l o s t  more th a n  20% o f  t h e i r  i n i t i a l  
l i v e  w e ig h t .  O th e r p re g n a n t ewes consum ing j u s t  below  t h e i r  ME 
re q u ire m e n ts  had l i v e  w e ig h t lo s s e s  o f  th e  same o r d e r .  The m a jo r i ty  
o f  th e  n o n -p re g n a n t sheep  g a in e d  o r  m a in ta in e d  l i v e  w e ig h t .
T ab le  31 p r e s e n ts  th e  mean t o t a l  k e to n e  body and FFA d a ta  f o r  
th e  sheep  i n  th e « v a r io u s  c o l l e c t i o n  p e r io d s .  T here was no c o n s i s t e n t  
change i n  e i t h e r  p a ra m e te r  a s  p reg n an c y  ad v an ced . The tw in -b e a r in g  
ewes had a  s l i g h t l y  (b u t  n o t  s i g n i f i c a n t l y )  h ig h e r  mean k e to n e  body 
c o n c e n tr a t io n  o v e r  a l l  5 s a a p l in g s  ( 8 .8  mg/lOO m l) th a n  e i t h e r  s i n g l e ­
b e a r in g  o r  n o n -p re g n a n t sheep  (8 .1  and  6 .0  mg/lOO m lsç r e s p e c t i v e l y ) ,
The mean o v e r a l l  p lasm a FFA c o n c e n tr a t io n  (718 |i e q u i v / l )  f o r  tw in -  
b e a r in g  ewes was s i g n i f i c a n t l y  (P < 0 .0 5 )  h ig h e r  th a n  th e  v a lu e  f o r  non­
p re g n a n t sheep (450  |i e q u i v / l )  b u t n o t  s i g n i f i c a n t l y  g r e a t e r  th a n  th e  
c o n c e n tr a t io n  fo r  s in g le - b e a r in g  ewes (655 e q u i v / l ) .
T here was a  s i g n i f i c a n t  ( P < 0 .0 0 l )  c o r r e l a t i o n  r  = 0.68% betw een 
t o t a l  k e to n e  body and FFA c o n c e n tr a t io n s  (means o f  5 s a m p lin g s ) .  T h is  
was b e s t  r e p r e s e n te d  by a  s i g n i f i c a n t  ( P < 0 .0 0 l )  l i n e a r  r e g r e s s io n  l i n e  
y  = 55.9%  + 196p SE o f  b = Î  20,3.?w here y  = FFA ( ji e q u i v / l )  and 
X = t o t a l  k e to n e s  (mg/lOO m l) .
T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een t o t a l  k e to n e  body 
and FFA c o n c e n tr a t io n s  (means o v e r  a l l  sa m p lin g s )  and e i t h e r  fe e d b lo c k .
F ig ,2 0 a  F x p t 9 .2  R e la t io n s h ip  betw een l i t t e r  w e ig h t (k g ) and  t o t a l  
ME in ta k e  (MJ) from  b o th  CSE fe e d b lo c k  and h ay .
F ig ,2 0 b  E xpt 9 .2  R e la t io n s h ip  betw een l i t t e r  w e ig h t (k g ) and mean 
CSE fe e d b lo c k  in t a k e  ( g  D M /head/day) m easured  o v e r th e  l a s t  30  days 
o f  p reg n an c y .
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T ab le  31 E xpt 9 ,2 .  Mean k e to n e  body l e v e l  (m g /l00 m l) and FFA
C o lle c t io n 1 2 3 4 5 Mean
Days 119-123 124-128 129-133 134-138 139-143
T o ta l  k e to n e  
b o d ie s  
(mg/1 0 0  m is)
N o n -p reg n an t
( 1 2 ) 4 .7 ± 0 .6 6 . 1+0 .7 6 . 3±0 .6 5 .9 + 0 .8 6 .0 + 0 ,3
S in g le  ( 6 ) 6 . 4± 1«0 5 .3 + 0 .4 8 .3 ± 1 .1 1 2 . 1+4 .3 8 e 0 4 8 , 1+1 .1
Twin ( 2 0 ) 9 .3 ± 0 .9 7 .8 + 0 .7 7 . 8+O.7 1 2 ,1 + 2 .3 6 . 8+0 ,7 8 . 8+0 .6  N
Plasm a FFA 
( p e q u i v / l )
N o n -p reg n an t
( 1 2 ) 477Ï 6O 3 6 l ±22 544Ï 65 327+32 450+41
S in g le  ( 6) 622I1 1 9 470±100 892+101 576+92 715±155 655Ï91
Twin . ( 2 0 ) 840+74 532+45 815±65 64i 1'55 762+27 718+43 .
hay o r  t o t a l  ME in t a k e  f o r  a l l  s h e e p . The p e rc e n ta g e  d i f f e r e n c e  
betw een a c t u a l  and r e q u i r e d  ME in t a k e s  f o r  a l l  sheep  was s i g n i f i c a n t l y  
( P < 0 ,0 0 l )  c o r r e l a t e d  ( r  =  - 0 ,5 ? )  w ith  mean k e to n e  body c o n c e n t r a t io n .
A s i g n i f i c a n t  ( P < 0 . 0 0 l )  l i n e a r  r e g r e s s io n  JJLne (F ig  22 ) f i t t e d  th e  d a ta  
(y  “  7 . 3 2 x -  6 2 ; SE o f  b =  ± 3 ,4 3 ^ w here j  ~ % d i f f e r e n c e  i n  a c t u a l  and 
r e q u i r e d  ME in t a k e s  and x  =  t o t a l  k e to n e  body c o n c e n tr a t io n  mg/lOO m l) .
S im i la r ly  th e  p e rc e n ta g e  d i f f e r e n c e  betw een a c t u a l  and r e q u i r e d  
ME in t a k e s  f o r  a l l  sheep was s i g n i f i c a n t l y  (P <  0 ,0 0 1 )  c o r r e l a t e d  
( r  — ”0 .6 7 )  w ith  mean FFA c q n c e n t r a t io n .  T h is  r e l a t i o n s h i p  was b e s t  
r e p r e s e n te d  by a  l i n e a r  r e g r e s s io n  e q u a t io n  (y  = 0 .1 0 4 6 x ~  3 * 2 ;  SE o f  
b — t  0 , 039^where j  ~ % d i f f e r e n c e  in  a c t u a l  and r e q u ir e d  ME in ta k e s  and
F ig .2 2 a  E xpt 9 .2  R e la t io n s h ip  betw een % change in  sheep  l i v e  w e ig h t 
and mean FFA ( p e q u i v / l )  c o n c e n tr a t io n s  o v e r 5 sam p lin g s d u r in g  l a t e  
p reg n an cy  f o r  n o n -p re g n a n t, s in g le  and tw in  b e a r in g  in d i v id u a l s .
F ig .2 2 b  R e la t io n s h ip  betw een t o t a l  k e to n e  body (mg/lOO m l) 
c o n c e n tr a t io n s  and ME in ta k e  (M j) e x p re s se d  a s  a % o f  ME re q u ire m e n t 
d u r in g  l a t e  p reg n an c y .
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X = FFA (i e q u i v / l .
Only f o r  ewes b e a r in g  tw in s  was th e  fe e d b lo c k  in te k e  s i g n i f i c a n t l y  
(P < 0 c 0 5 )  c o r r e l a t e d  w ith  b o th  t o t a l  k e to n e  and FFA c o n c e n tr a t io n s  
( r  — -Go51 and - 0 .5 7 ^ r e s p e c t iv e ly ) ,
The p e rc e n ta g e  change i n  sheep  l i v e  w e ig h t was s i g n i f i c a n t l y  
(P < 0 c 0 0 1  and P < 0 ,0 1  ) c o r r e l a t e d  ( r  — -0 .8 9  and - 0 .4 6 )  w ith  th e  mean 
FFA (F ig  22) and k e to n e  body concen t r a t i o n s  ^ re sp ec tiv e ly ^?  o v e r  5 
s a m p lin g s . T hese r e l a t i o n s h i p s  w ere r e p r e s e n te d  by th e  fo llo w in g  l i n e a r  
r e g r e s s io n  e q u a t io n s .  Where x  = ^  change in  sheep l i v e  w e ig h t
a )  y  -  1 1 .3 X + 4 7 0 0 SE o f  b = t  5 «29 (P < 0 .0 0 l)% y  = FFA ( g e q u i v / l )
b )  y  =  0 .1 1  X + 9 .2  s 8E o f  b = t  0 .0 8  (P < 0 ,0 l ) ^ y  = k e to n e s  (mg/lOOm l),
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een l i t t e r  w e ig h ts  and
e i t h e r  t o t a l  k e to n e  o r  FFA c o n c e n t r a t io n s .
D isc u s s io n
In  t h i s  e x p e rim en t th e  co m p u ta tio n  o f  in d iv id u a l  hay  and th e r e f o r e  
t o t a l  ME in ta k e s  r e l i e d  upon f a e c a l  a p p o r tio n m e n tja c c o rd in g  to  th e  
i n d i g e s t i b i l i t i e s  o f  th e  CSE fe e d b lo c k  and h a y . The q u a n t i ty  o f  DM 
consumed from  th e  p a s tu r e  was d is c o u n te d  a s  b e in g  n e g l i g i b l e  com pared 
to  th e  o th e r  com ponents. The l i m i t a t i o n s  o f  f a e c a l  a p p o rtio n m e n t in  
e s t im a t in g  in d iv id u a l  hay in t a k e s  have been d is c u s s e d  in  d e t a i l  i n  E x p ts  
1 and 2 . No a t te m p t was made h e re  to  q u a n t i f y  any o f  th e  l i k e l y  
i n t e r a c t i o n s  betw een th e  two d i e t a r y  co m ponen ts ,such  a s  an  in c r e a s e  in  
hay  d i g e s t i b i l i t y  due to  th e  e l im in a t io n  o f  a  p o s s ib le  n i t r o g e n  
d e f ic ie n c y .  T h e re fo re  th e  hay and t o t a l  ME in ta k e s  a r e  a p p ro x im a tio n s  
o n ly . The mean d a i ly  hay  DM in t a k e  (820 g /h e a d )  o v e r  th e  e x p e r im e n ta l  
p e r io d  was 9 /  g r e a t e r  th a n  th e  amount a l l o c a t e d  (750 g /h e a d ) .  T h is  
d is c re p a n c y  may r e f l e c t  th e  sm a ll amount o f  DM consumed from  th e
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p a s tu r e  o r  e r r o r s  in h e r e n t  in  th e  t e c h n iq u e .
T here was a  te n d e n c y  f o r  th e  fe e d b lo c k  in t a k e s  o f  a l l  sheep  to  
in c r e a s e  ( 7 7 /  o v e r  a l l )  a s  th e  ex p e rim e n t p ro g re s s e d .  T h is  in c r e a s e  
■was p a r t i c u l a r l y  a p p a re n t  d u r in g  p e r io d  5 (d ay s  139 to  143 o f  p re g n a n c y ) ,  
w hich i s  t h e  co n v erse  o f  E xp t l l . l ^ w h e n  th e  in ta k e s  o f  W290(74) fe e d b lo c k  
d e c re a se d  i n  th e  4 to  5 -d ay  p e r io d  p r i o r  to  p a r t u r i t i o n .  I t  i s  p e rh a p s  
v e ry  l i k e l y  t h a t  th e  g ra d u a l  in c r e a s e  i n  fe e d b lo c k  m easured  h e re  and 
d u r in g  th e  f i r s t  3 c o l l e c t i o n s  o f  E xpt 11 .1  r e p r e s e n t s  a t r a i n i n g  e f f e c t ^  
r a t h e r  th a n  a  p h y s io lo g ic a l ly  in d u c ed  s t im u lu s  from  th e  in c r e a s in g  
demands o f  g e s t a t i o n .  The n o n -p re g n a n t sheep  i n  f a c t  in c r e a s e d  t h e i r  
fe e d b lo c k  in ta k e s  m ost ( l 2 6 / )  com pared w ith  s in g le  ( 4 6 / )  and tw in -  
b e a r in g  ewes ( 40 / ) .  The in c r e a s e  i n  fe e d b lo c k  in t a k e  f o r  a l l  sheep  was 
a id e d  by th e  i n s t a b i l i t y  o f  th e  b lo c k  c o n ta in e r s w h ic h  w ere f r e q u e n t ly  
pushed  o v e r in  th e  l a t e r  s ta g e s  o f  t h e  e x p e rijn e n t. T h is  o f f e r e d  an  
in c re a s e d  s u r f a c e  a r e a  o f  b lo c k  m a t e r i a l  a v a i l a b l e  to  th e  sheep  and may 
have a p p l i c a t io n s  in  p r a c t i c e .  F or e x a m p le p if  fe e d b lo c k s  a r e  i n i t i a l l y  
g iv e n  to  th e  a n im a ls  i n  c o n ta in e r s ,  when an in c r e a s e d  consum ption  i s  
d e s ire d j ,su c h  a s  in  th e  l a s t  2 to  3 weeks b e fo re  p a r t u r i t i o n  i t  w ould be 
r e a s o n a b le  to  e x p e c t t h i s  to  o c c u r  i f  th e  b lo c k s  w ere o f f e r e d  w ith o u t 
p r o t e c t i o n .
The ex p erim en t was s u c c e s s f u l  in  t h a t  a l a r g e  p r o p o r t io n  o f  th e  
p re g n a n t ewes w ere s u f f e r in g  m o d e ra te  to  s e v e re  n u t r i t i o n a l  s t r e s s ?  
p ro b a b ly  e x a c e rb a te d  by th e  v e ry  w et w e a th e r  c o n d i t io n s .  As in  E xpt 11 ,1  
th e  c o n c e n tr a t io n s  o f  t o t a l  k e to n e  b o d ie s  and FFA i n  th e  b lo o d  w ere good 
i n d i c a t o r s  o f  n u t r i t i o n a l  s t a t u s  b o th  i n  te rm s o f  s u f f i c i e n c y  o f  ME 
in ta k e  and c a ta b o lis m  o f  body t i s s u e s .  A gain th e  mean k e to n e  body 
c o n c e n tr a t io n s  ap p e a re d  to  be h ig h e r  th a n  th o s e  m easured  by o th e r  w ork ers , 
e . g .  P e a r t  (1967) found  t h a t  S c o t t i s h  B la c k fa c e  ewes r e c e iv in g  n u t r i e n t s  
t o  a lm o s t m a in ta in  m a te rn a l  body w e ig h t (m o d e ra te ly  u n d e rn o u r ish e d )  
d u r in g  l a t e  p reg n an cy  had k e to n e  and  FFA l e v e l s  o f  a b o u t 3 mg/lCO ml and
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750 |i e q i i iv / l j , r e s p G c t iv e ly .  The mean t o t a l  k e to n e  body c o n c e n tr a t io n  o f  
th e  p re g n a n t ewes d u r in g  p e r io d  5 was 12 .1  mg/lOO m l w hich (a d o p tin g  th e  
c r i t e r i a  o f  P e a r t ,  (1967 ) m eant t h a t  th e  ewes w ere s e v e r e ly  
u n d e rn o u r is h e d ,a l th o u g h  in  p r a c t i c e ,  on a v e ra g e  th e y  m a in ta in e d  a b s o lu te  
m a te rn a l  w e ig h t.
I t  i s  p o s s i b l e ,  b u t u n l ik e ly ,  t h a t  th e  k e to n e  body l e v e l s  m easured  
h e re  r e f l e c t  th e  a b s o lu te  s e v e r i t y  o f  u n d e rn o u rish m e n t^ b ecau se  o f  th e  
e q u a l ly  h ig h  c o n c e n tr a t io n s  f o r  n o n -p re g n a n t sheep (mean = 6 .0  mg/lOO ml 
o v e r a l l  c o l l e c t i o n s )  and th e  s i m i l a r i t y  betw een th e  FFA l e v e l s  m easured  
h e re  and  by P e a r t  (1967) and n u t r i t i o n a l  s t a t u s .  The n o n -p re g n a n t sheep  
i n  t h i s  ex p erjjn en t had a  mean FFA c o n c e n tr a t io n  o v e r  5 sa jn p lin g s  o f  
450 [i e q u i v / l  and  m a in ta in e d  l i v e  w e ig h t. U sing th e  c r i t e r i a  o f  P e a r t  
( 1967 ), FFA l e v e l s  o f  400 to  500 \i e q u i v / l  a r e  i n d i c a t i v e  o f  w e l l  
n o u r is h e d  sh e e p . T h e re fo re  a l th o u g h  S c o t t i s h  B la c k fa c e  ewes a r e  u s u a l ly  
s in g le - b e a r in g  th e  l i k e l y  e x p la n a t io n  o f  th e  h ig h  k e to n e  body l e v e l s  
m easiued  h e re  i s  an a n a l y t i c a l  e r r o r .  N e v e r th e le s s  th e y  a re  s t i l . l  v e ry  
u s e f u l  b io c h e m ic a l i n d i c a t o r s  o f  r e l a t i v e  n u t r i t i o n a l  s t a t u s ,  e x e m p lif ie d  
by t h e i r  c lo s e  c o r r e l a t i o n  w ith  FFA c o n c e n t r a t io n s .
The r e s u l t s  o f  th e  p r e s e n t  s tu d y  a g re e d  w ith  E xp t 11 ,1  i n  t h a t  
th e r e  was l i t t l e  e v id e n c e  to  s u g g e s t a  q u a n t i t a t i v e  r e g u la t io n  o f  en e rg y  
in t a k e  from  th e  fe e d b lo c k  to  b a la n c e  th e  energy  re q u ire m e n ts  o f  non­
p re g n a n t ,  s in g le  and tw in -b e a r in g  sh e e p . A lthough  th e  tw in -b e a r in g  ewes 
consumed s l i g h t l y  more fe e d b lo c k  (21 and 17/  r e s p e c t iv e l y )  th a n  non­
p re g n a n t and s in g le - b e a r in g  s h e e p ? th e re  was a  l a r g e  v a r i a t i o n  i n  
fe e d b lo c k  in t a k e  betw een i n d i v id u a l  ew es. T here was no d i f f e r e n c e  i n  
fe e d b lo c k  in t a k e  betw een th e  s in g le - b e a r in g  and n o n -p re g n a n t c a te g o r ie s ^  
b u t th e  sm a ll number o f sheep  i n  th e  fo rm er group l i m i t e d  th e  c o n f id e n c e  
w hich  co u ld  be p la c e d  upon com parisons in v o lv in g  s in g le - b e a r in g  ew es.
Many o f  th e  p re g n a n t ewes consumed i n s u f f i c i e n t  fe e d b lo c k  a n d /o r  
hay  t o  exceed  t h e i r  ÎŒ re q u ire m e n ts  and  c o n se q u e n tly  w ere u n d e rn o u r is h e d .
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T his  was c h a r a c te r i s e d  i n  th e  ex trem e c a se  by th e  developm ent o f c l i n i c a l  
p reg n an cy  to x aem ia  in  one tw in -b e a r in g  ewe w hich e v e n t u a l l y  p ro d u ced  
dead  la m b s. A lthough  th e  MAFF e t  a l .  (1975) MF re q u ire m e n t i n  m ost 
p e r io d s  and o v e r a l l  ( 1 4 ,6  Mj) exceeded  th e  mean ME in t a k e s  ( l 3 . 2  MJ 
o v e r a l l )  by o n ly  a b o u t 1 0 / ,  2 5 /  o f  th e  tw in -b e a r in g  ewes had ME in ta k e s  
w hich w ere betw een 30 and 5 5 / below  t h e i r  in d iv id u a l  r e q u ire m e n ts  (F ig  
2 1 ) ,  C o n v e rs e ly ,th e  t o t a l  ME in ta k e s  o f  11 o f  th e  n o n -p re g n a n t sheep  
w ere c o n s i s t e n t ly  g r e a t e r  th a n  t h e i r  MDl m a in ten an ce  re q u ire m e n ts  ( l5  to  
110/ ) ,  l a r g e ly  due to  e x c e s s iv e  ME in t a k e  from  fe e d b lo c k . T h is  
em p h asises  two p o in t s ,  f i r s t l y  t h a t  th e  M/\FF e t  a l .  ( l9 7 5 )  a llo w a n c e s  
fo r  hlE can o n ly  be g u id e  l i n e s  and  a p p ly  o n ly  to  th e  'a v e r a g e ' anijm al.
F o r example- a l l  th e  tw in -b e a r in g  ewes l o s t  n e t  body w e ig h t, w hich  i s  
c o n s i s t e n t  w ith  t h e i r  mean ME in t a k e s  b e in g  below  th e  su g g e s te d  
re q u ire m e n ts .  S e v e ra l  tw in -b e a r in g  ewes c o n s i s t e n t ly  exceeded  t h e i r  ME 
re q u ire m e n ts  y e t  s t i l l  l o s t  n e t  body w e ig h t , t h e r e f o r e  th e r e  i s  
c o n s id e ra b le  v a r i a t i o n  a b o u t th e  mean f o r  ME re q u ire m e n ts  o f  p re g n a n t 
ew es. T h is  i s  n o t  s u r p r i s in g  b eca u se  th e r e  may be a  tw o - fo ld  d i f f e r e n c e  
in  t o t a l  l i t t e r  w e ig h t f o r  tw in -b e a r in g  ewes o f  s im i la r  l i v e  w e ig h ts  and  
ME re q u ir e m e n ts .  I t  i s  p e rh a p s  th e r e f o r e  an  o v e r - s im p l i f i c a t i o n  to  
e x p e c t in d i v id u a l  sheep t o  consume s u f f i c i e n t  ME to  b a la n c e  a s u g g e s te d  
r e q u i r e m e n t ,f o r  an a v e ra g e  sheep  o f  th e  same l i v e  w e ig h t .
S econd ly , even i f  th e  t o t a l  ME a l lo c a t e d  to  a  group o f  a n im a ls  i s  
re a s o n a b ly  a c c u r a te ,  th e  i n d i v id u a l  v a r i a t i o n  i n  food/ME in t a k e  in  
c o m p e tit iv e  s i t u a t i o n s ,  even ta k in g  in t o  c o n s id e r a t io n  th e  s a f e ty  m arg in s 
a l lo w e d ,e n s u re s  im p re c is e  n u t r i t i o n  and makes th e  t o t a l  n u t r i e n t  
a l l o c a t i o n  o f  academ ic i n t e r e s t  o n ly .  F or exam ple, th e  mean d a i l y  ME 
in ta k e  f o r  a l l  sheep  d u r in g  c o l l e c t i o n  5 was ab o u t 14*6 M j/h e ad , (773 g 
o f  CSE = 8 .3  MJ p lu s  790 g o f  hay  =  6 .3  MJ) o r  570 MJ in  t o t a l .  The 
MAFF e t  a l .  ( l9 7 5 )  ME re q u ire m e n ts  f o r  n o n -p re g n a n t, s in g le  and tw in -
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be3.rxng ewes a t  t h a t  t im e  w ere 8 .6 ,  1 2 .9  and l6 .3  MJ, r e s p e c t i v e l y .  I f  
a  h y p o th e t ic a l  en e rg y  r e g u la to r y  m echanism  had been i n  e x i s te n c e  th e  
12 n o n -p re g n a n t, 6 s in g le  and 20 tw in -b e a r in g  sheep  w ould have consumed 
103, 77 and 326 M J? re s p e c tiv e ly ^ o r  507 MJ in  to t a l ^ l e a v in g  a  s u rp lu s  o f  
63 MJ and a l l  sheep  su p p o se d ly  vrlth  a d e q u a te  n o u r ish m e n t. I n s te a d ,  th e  
n o n -p re g n a n t sheep  consumed 6 5 /  more ( l 4 .2  MJ) th a n  r e q u i r e d ,  th e  s in g le -  
b e a r in g  ewes consumed 14/  more th a n  r e q u i r e d  and t h e  tw in -b e a r in g  sheep  
on a v e ra g e  consumed 7 /  l e s s  th a n  r e q u i r e d .  S im i la r  exam ples co u ld  be 
drawn on o th e r  c o l l e c t i o n  p e r io d s .
Even when a  l a r g e  p r o p o r t io n  o f  th e  t o t a l  en e rg y  in ta k e  o f  sheep  
(45 to  5 0 /)  i s  ta k e n  from  a  ' s e l f - h e l p '  s o u rc e ? th e re  i s  no e v id en ce  to  
s u p p o r t th e  c la jjn  t h a t  a n im a ls  m i l  r e g u la te  en e rg y  i i r ta k e s  a c c o rd in g  to  
n e e d s . In  S e c t io n  1 w here i n d i v id u a l  v a r i a t i o n  in  food  in t a k e  was 
s tu d ie d  i n  d e t a i l  f o r  ' s e l f - f e d '  and 'h a n d - f e d ' an im als , a  s im i la r  l a r g e  
d eg ree  o f  in d i v id u a l  v a r i a t i o n  in  n u t r i e n t  in t a k e  was i n v a r i a b ly  found , 
a lth o u g h  t h i s  te n d e d  to  be lo w er fo r  th e  'h a n d - f e d ' sy stem . However no 
a t te m p t was made th e r e  to  o u t l i n e  th e  p r a c t i c a l  co n seq u en ces  o f  t h i s  
u n eq u a l d i s t r i b u t i o n .  The r e s u l t s  o f  E xp ts  9 .1  and p a r t i c u l a r l y  9 ,2  
a llo w ed  t h i s  to  be made. A p a rt from  th e  c l i n i c a l  c a se  o f  p reg n an c y  
to x aem ia  a l r e a d y  d e s c r ib e d ,  s e v e r a l  o f  th e  tvriLn--bearing ewes w ere s u f f e r in g  
from  a g a la c tc a  a t  th e  o n s e t  o f  l a c t a t i o n  due to  u n d e rn o u rish m e n t. Even 
though  th e  t o t a l  amount o f  ME consumed was am ple d u r in g  th e  e x p e r im e n ta l 
p e r io d ,  t h e  d i s t r i b u t i o n  betw een  sheep  was u n e q u a l and n o t  r e l a t e d  to  
t r u e  n e e d .
One en co u ra g in g  f e a t u r e  o f  E x p ts  9*1 and 9 .2  was t h a t  th e r e  was a  
p r o g r e s s iv e  in c r e a s e  in  fe e d b lo c k  in t a k e  as  p reg n an c y  p ro c e e d e d  and 
s u g g e s ts  p o s s ib le  a p p l i c a t io n s  in  p r a c t i c e ,  p a r t i c u l a r l y  i f  com bined iv lth  
th e  c a r e f u l  u se  o f  c o n ta in e r s .
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The e f f e c t iv e n e s s  o f  fe e d b lo c k s  a s  c a r r i e r s  o f  su o o lem en ta ry
m agnesium
I n t r o d u c t io n
In  th e  in t r o d u c t io n  to  t h i s  s e c t io n  some o f  th e  l i k e l y  d i f f i c u l t i e s  
concerned  w ith  th e  u se  o f  fe e d b lo c k s  a s  magnesium c a r r i e r s ? t o  a c t  a s  a 
p r o p h y la c t ic  a g a in s t  ru m in an t hyr^omagnesaemic te ta n y  w ere d e s c r ib e d .  
P r i n c i p a l l y  th e s e  were th e  in d iv id u a l  v a r i a t i o n  in  in ta k e  «.as m easured 
an S e c t io n  1 and f l u c t u a t i o n s  in  t o t a l  group in ta k e  w ith  th e  f a c t o r s  
o u t l in e d  in  S e c t io n  2 , In  p a r t i c u l a r ,  th e  o b s e rv a tio n s  made in  S e c tio n  2 
and th e  r e s u l t s  o f  P a r t  A o f  t h i s  s e c t io n ,s u g g e s t  t h a t  th e  in ta k e  o f  
fe e d b lo c k  i s  l i k e l y  to  be v e ry  low  a t  tim e s  when a l t e r n a t i v e  h i ^  q u a l i t y  
n u t r i e n t s  such  a s  s p r in g  g r a s s  a r e  a l s o  a v a i l a b l e .  T h is  may be 
in c o m p a tib le  w ith  th e  u se  o f  fe e d b lo c k s  a s  a  magnesium c a r r i e r  a t  such 
t im e s .
S e v e ra l  f e e d t lo c k  m a n u fa c tu re rs  c la im  to  have overcom e t h i s  p rob lem  
by p ro d u c in g  w hat a r e  su p p o se d ly  v e ry  a t t r a c t i v e  and p a l a t a b l e  fe e d b lo c k s , 
s p e c i a l l y  d e s ig n e d  f o r  u se  d u r in g  th e  c r i t i c a l  p e r io d  o f  t r a n s f e r  to  
g ra z in g  in  th e  sp rin g ,w h en  a c u te  hypom agnesaem ic te ta n y  i s  m ost l i k e l y  to  
o c c u r .  One o f  th e  o b je c t iv e s  o f  P a r t  C o f  t h i s  s e c t io n  was to  e v a lu a te  
th e  e f f e c t i v e n e s s  o f  th e s e  fe e d b lo c k s  v /ith  bo th  c a t t l e  and sh e e p . In  
s e v e r a l  o f  th e  ex p e rim e n ts  a  c o n t r o l  tr e a tm e n t  w here th e  an im a ls  
r e c e iv e d  s im i la r  am ounts o f  su p p lem en ta ry  magnesium a s  c o n c e n tr a te  cubes 
i n  tro u g h s  was in c lu d e d .
In  many s i t u a t i o n s  o u tw in te re d  c a t t l e  and sheep  may be g iv en  
fe e d b lo c k s  fo r  a p e r io d  o f  s e v e r a l  m on ths. In  th e s e  c a se s  th e  u se  o f  
magnesium c o n ta in in g  fe e d b lo c k s  may be more e f f e c t iv e ? b e  cau se  th e r e  i s  
a  g ra d u a l  p r o v is io n  o f  b e t t e r  q u a l i t y  n u t r i e n t s  as  g ra s s  grow th o c c u r s , 
r a t h e r  th a n  th e  d r a s t i c  change when housed  ru m in an ts  a r e  tu rn e d  o u t .
I t  may be t h a t  fe e d b lo c k  I n ta k e  d e c l in e s  much more s lo w ly  u n d er th e s e
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c o n d i t io n s .  In  some o f  th e  ex^ jerin ien ts th e  u se  o f  magnesium c a r ry in g  
fe e d b lo c k s  i n  th e  s p r in g  p e r io d  f o r  o u tw in te re d  sheep was exam ined.
In  p a r t s  A and B o f  t h i s  S e c t io n  th e r e  ap p ea red  to  be l i t t l e  
e v id e n c e  to  s u b s t a n t i a t e  th e  c la im  t h a t  ru m in an ts  w i l l  consume fe e d b lo c k  
n u t r i e n t s  a c c o rd in g  to  t h e i r  n u t r i t i o n a l  re q u ire m e n ts .  The em phasis 
in  th e s e  ex p e rim e n ts  was p la c e d  on p o s s i b le  en e rg y  and p r o t e i n  
r e g u la to r y  m echanism s. In  P a r t  C th e  r e l a t i o n s h i p  betw een p h y s io lo g ic a l  
c o n d i t io n  and magnesium in t a k e  d u r in g  th e  c r i t i c a l  s p r in g  tu r n - o u t  
p e r io d  was s tu d ie d  u s in g  b o th  ewes and cow s?in  ah  a t te m p t to  r e l a t e  
magnesium in ta k e  to  n e e d .
In  some r e s p e c t s  a  fe e d b lo c k  c o n ta in in g  a p p r e c ia b le  am ounts o f  
magnesium (75 to  100 g MgO/kg DM) can be l ik e n e d  to  a  "F ree  A ccess 
m in e ra l"  i n  a b lo c k  form , in  t h a t  th e  p r i n c i p l e s  and c la im ed  a d v a n ta g e s  
con ce rn ed  w ith  f e e d in g  one a p p ly  e q u a l ly  to  th e  o th e r .  In  b o th  s^'sterns 
i t  i s  p o s s ib le  f o r  th e  a n im a ls  to  consume in g r e d i e n ts  ' l i t t l e  and o f t e n , '  
u n l ik e  th e  p r o v is io n  o f  su p p le m e n ta ry  magnesium in  c o n c e n tr a te s  g iv e n  i n  
t r o u g h s .  F requency  o f  nagnesium  in ta k e  may be f a r  more im p o r ta n t  th a n  
a b s o lu te  ajncunt g iv e n , R i t c h ie  and Hemingway (1 9 6 3 ). S eco n d ly , th e  
a n im a ls  have th e  o p p o r tu n i ty  ( s l i g h t l y  l e s s  w ith  fe e d b lo c k  b eca u se  o f  th e  
h a rd n e s s  and o th e r  i n t a k e  c o n s t r a i n t s )  to  consume n u t r i e n t s  a c c o rd in g  to  
t h e i r  n e e d s .
The p r a c t i c e  o f  g iv in g  f r e e  a c c e s s  m in e ra ls  to  ru m in a n ts  h as  been  
th e  s u b je c t  o f  th r e e  re v ie w s , Coppock ( l9 7 0 )  f o r  d a i r y  cows; Gordon ( l9 7 0 )  
and Pamp, G oodrich  and  M eiske (1 9 7 6 )? fo r  ru m in an ts  i n  g e n e r a l ,  Coppock 
( 1970 ) co n c lu d ed  t h a t  t h e  a ssu m p tio n  t h a t  need  and in t a k e  o f  a  m in e ra l  
su p p lem en t a r e  d i r e c t l y  r e l a t e d  seemed u n w arran ted  by th e  d a ta  a v a i l a b l e .  
The consum ption  o f  c a lc iu m /p h o sp h o ru s  m in e ra l  su p p lem en ts  by c a t t l e  
a p p e a re d  to  be r e l a t e d  to  t a s t e  r a t h e r  th a n  n e e d .
N e v e r th e le s s ,  th e  e a r ly  o b s e rv a t io n s  o f  w o rk ers  su ch  a s  G reen (1925)
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a r e  f r e q u e n t ly  c i t e d  a s  exam ples o f  so c a l l e d  'n u t r i t i o n a l  w isd o m .' He 
made th e  s ta te m e n t t h a t  ' I t  seems a  rem a rk a b le  m a n i f e s ta t io n  o f  i n s t i n c t  
o r  i n t e l l i g e n c e  t h a t  p h y s io lo g ic a l  d e f ic ie n c y  i n  c a t t l e  sh o u ld  be 
r e f l e c t e d  by a  s p e c i f i c  c ra v in g  f o r  b o n es , th e  o n ly  a c c id e n t a l l y  a v a i l a b l e  
so u rc e  o f  p h ospho rus  c a p a b le  o f  r e l i e v i n g  t h i s  c r a v in g . ' O th e r exam ples 
o f  'n u t r i t i o n a l  w isdom ' have been p ro d u ced  by H ard iso n , R e id , M artin  and 
W oofolk ( 1954 )» These w o rk e rs  r e p o r te d  t h a t  th e  d i e t  s e l e c t e d  by g ra z in g  
s t e e r s  was h ig h e r  i n  c ru d e  p r o t e i n ,  e th e r  e x t r a c t  and  m in e ra l  m a t te r  and 
low er i n  c ru d e  f i b r e  th a n  th e  w hole h e rb a g e  a v a i l a b l e  fo r  consu m p tio n .
In  a d d i t io n  a l l  t h e  p ro x im a te  c o n s t i t u e n t s  o f  th e  g ra z e d  h e rb ag e  w ere o f  
h ig h e r  d i g e s t i b i l i t y  th a n  th o s e  o f  c l ip p e d  h e rb ag e  from  th e  same so u rc e  
g iv e n  to  s t a l l  f e d  s t e e r s .
S c o t t  and Q u in t ( l9 4 6 )  and S c o t t ,  V erney and  M o rrise y  (1950) 
r e p o r te d  t h a t  a  r e l a t i o n s h i p  betw een  d i e t a r y  s e l e c t i o n  and p h y s io lo g ic a l  
need  may a r i s e  thi-ough two m echanism s. F i r s t l y ,  th e  an im a l may l e a r n  
t h a t  a  g iv e n  c h o ic e  r e s u l t s  i n  a  f e e l i n g  o f  w e l l -b e in g  and  th e r e f o r e  
p r e f e r  i t  ( le a r n e d  a p p e t i t e ) .  • S eco n d ly , th e r e  may be a  d i r e c t  r e l a t i o n s h i p  
betw een a p p e t i t e  and n eed , w here need  cau ses  an i n s t i n c t i v e  d e s i r e  f o r  a  
g iv e n  n u t r i e n t  ( t r u e  a p p e t i t e  r e s p o n s e ) .
The o n ly  d i e t a r y  n u t r i e n t  w hich h a s  been u n e q u iv o c a lly  shown to  be 
consumed by ru m in a n ts  a c c o rd in g  t o  need  i s  s a l t ,  D enton and S ab in e  ( 1961 ) 
found  a  l a r g e  in c r e a s e  i n  a p p e t i t e  f o r  sodium  in  sheep  f i t t e d  w ith  
p a r o t i d  d u c t f i s t u l a e .  The in ta k e  o f  many o f  t h e i r  a n im a ls  was a d e q u a te  
to  m a in ta in  norm al sodium  b a la n c e .  Even when th e  c o n c e n tr a t io n s  o f  th e  
sodium  s o lu t io n  w ere v a r ie d , o r  i f  a c c e s s  was o n ly  a llo w e d  f o r  a s h o r t  
p e r io d  each  day, th e  sheep  v a r ie d  th e  volume o f  s a l t  s o lu t io n  d ru n k  and 
consumed s u f f i c i e n t  sodium  t o  b a la n c e  th e  lo s s  from  th e  f i s t u l a  and 
c o r r e c t  th e  sodium  d e f i c i t .  I n  h i s  re v ie w  o f  s a l t  a p p e t i te ? D e n to n  (1 9671  
s t a t e d  t h a t  "The a b i l i t y  to  t a s t e  s a l t  i s  i n h e r i t e d  i n  a l l  mammals and 
th e r e  i s  a u n iv e r s a l  l i k i n g  f o r  s a l t  -  a  p r im i t i v e  a t t r a c t i o n  to  i t .  No
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i n s ta n c e  o f  a d e f i n i t e  a v e r s io n  to  s a l t  h as  been fo u n d ,"
In  one ex p erim en t, Gordon and T r ib e  ( l 9 5 l )  th e  i n a b i l i t y  o f  8 
p re g n a n t (C h e v io t)  ewes g iv e n  t h e i r  d i e t  i n  i t s  c o n s t i tu e n t  p a r t s  (w a te r ,  
m in e ra l  s a l t  l i c k s ,  chopped hay , y e llo w  m aize o r  c ru sh ed  o a ts  and e i t h e r  
l i n s e e d  cake o r  w h ite  f i s h  m e a l)  to  s e l e c t  a  b a la n c e d  d i.e t was
d e m o n s tra te d  i n  a c a t a s t r o p h ic  m anner. Food in ta k e  f e l l  a few- weeks
b e fo re  lam b ing  and th r e e  ewes d ie d  o f  p reg n an cy  to x a e m ia . A l l  lam bs 
born  w ere weak, some d id  n o t  su c k le  and o v e r  h a l f  d ie d .  Only one ewe
p ro d u ced  a  s a t i s f a c t o r y  m ilk  su p p ly  b u t  even tlii-s  a n im a l p rod u ced  sm a ll
lam b s.
T here  a p p e a rs  to  be o n ly  one r e p o r t  w here fe e d b lo c k s  o r  l i c k s  on 
a  ' f r e e - a c c e s s ' b a s is  have been s tu d ie d  a s  magnesium c a r r i e r s *  Todd, 
S c a l ly  and Ingram  (1966) i n  two ex p e rim e n ts  p ro v id e d  th e  o n ly  so u rc e  o f  
m agnesium  a s  an e q u a l p a r t  m o la sse s -m a g n e s ia  m ix tu re  i n  *f r e e - a c c e s s * 
tu b s*  The m ix tu re  a p p e a re d  to  be q u i t e  p a l a t a b l e  to  th e  cow s?even i n  th e  
s p r in g  and th e y  w ent f r e q u e n t ly  t o  th e  tu b s .  D uring  a  3 -d a y  p e r io d  th e  
cows w ere w atched  f o r  c o n tin u o u s  p e r io d s  o f  4  h o u rs  and on each  o c c a s io n  
20 o f  th e  23 cows v i s i t e d  th e  t u b .  O nly one cow was n o t seen  a t  th e  tu b s  
on any o f  th e s e  o c c a s io n s*  The a v e ra g e  d a i ly  in ta k e  o f  c a lc in e d  
m a g n e s ite  was 53 g /h e a d  and th e  cows m a in ta in e d  serum  m agnesium  l e v e l s .
In  a  second  e x p e r im e n t? c a r r ie d  o u t d u r in g  th e  au tum n?the  cows were 
o b se rv e d  f o r  a  1 0 -h o u r p e r io d  on 2 days and on each o c c a s io n  o n ly  2 w ere 
n o t  o b se rv e d  to  v i s i t  th e  t u b s .  O nly one cow c o n s i s t e n t ly  f a i l e d  to  
consume enough o f  th e  m ix tu re  to  m a in ta in  a  n o rm al serum  magnesium l e v e l  
and she  d ev e lo p ed  c l i n i c a l  t e t a n y .  The mean in ta k e  o f  c a lc in e d  m a g n e s ite  
was 42 g /h e a d . The a u th o rs  s t a t e d  t h a t  th e  supp lem en ts  w ere e f f e c t i v e  
becau se  X6 o u t o f  th e  28 cows w ere s e v e r e ly  hypom agnesaem ic when th e  
su p p lem en ts  w ere w ithdraw n*
H o rv a th , Dozza, K id d e r, W arren, B h a tt and G roushore  (196?) 
em phasised  t h a t  c a t t l e  housed  o r  y a rd e d  vri.13. consume magnesium i n  a
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v a r i e t y  o f  su p p lem en ts  b u t  th e  same su p p lem en ts  may n o t  be consumed by 
th e  same a n im a ls  when th e y  a r e  tu r n e d  o u t f o r  s p r in g  g r a z in g .
Gordon ( l9 7 0 )  s t a t e d  t h a t  a l th o u g h  ru m in an ts  show an a b i l i t y  to  
s e l e c t  t h e i r  own d i e t s  a t  p a s tu r e  and in  th e  ca se  o f  sodium  d e f ic ie n c y ,  
o th e r  m in e ra l  n eed s  such a s  c o b a l t ,  magnesium and p h osphorus  may n o t  
come w ith in  th e  a n im a ls  scope  o f  c o n t r o l  even when r e a d i ly  a v a i l a b l e .
A s e r i e s  o f  f a c t o r s  w hich may a f f e c t  th e  in t a k e  o f  ' f r e e  a c c e s s ' 
m in e ra l  m ix tu re s  have been p ro p o se d  by Coppock ( l9 7 0 )  and Gunha, 
S h i r le y ,  Champman, Ammerman, D a v is , K ir  and H entes ( 1964 ) .  T hese may 
e q u a l ly  a p p ly  f o r  m in e ra ls  c o n ta in e d  i n  fe e d b lo c k s  to g e th e r  w ith  th e  
many o th e r  f a c t o r s  d e s c r ib e d  i n  S e c t io n  2?, a s  b e in g  im p o r ta n t  i n  
d e te im iin in g  fe e d b lo c k  i n t a k e s ,
a )  S o i l  f e r t i l i t y ;  h ig h  f e r t i l i t y  r e s u l t s  i n  l e s s  con su m p tio n ,
b )  Type o f  fo ra g e  consumed; g r e a t e r  in t a k e s  o ccu r on unim proved 
th a n  on im proved p a s t u r e s ,
c ) Type and amount o f  o th e r  su p p lem en ta ry  f e e d in g .
d.) R equ irem en ts  f o r  t h e  m in e ra l  e lem en ts  such a s  g e s t a t i o n  o r
l a c t a t i o n ,
e )  M in e ra l c o n te n t  o f  d r in k in g  w a te r .
f )  P a l a t a b i l i t y . ( T a s te ) ,
g ) A v a i l a b i l i t y  o f  m in e ra l  m ix tu re .
h )  A c c e s s i b i l i t y .
i )  pH -  c a t t l e  p r e f e r  an  a c id  supp lem en t (pH 3 .5 )  to  an  a l k a l i n e  
supp lem en t pH 8 ,5  (C oppock, E v e r e t t  and M e r r i l l  1 9 7 2 ).
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The e f f e c t iv e n e s s  o f  fe e d b lo c k s  a s  magnesium c a r r i e r s  f o r  l a c t a t i n g  sheeo
S e v e ra l  e x p e rim e n ts  w ere c a r r i e d  o u t w ith  lo w lan d  ewes d u r in g  th e  
m onths o f  A p r i l  and M ayywith ewes e i t h e r  a b r u p t ly  tu rn e d  o u t to  s p r in g  
g ra s s  o r  w ith  p r e v io u s ly  o u tw in te re d  ew es. The m ain c r i t e r i a  o f  
e f f e c t iv e n e s s  w ere th e  in d i v id u a l  v a r i a t i o n  in  in t a k e ,  th e  i n t e r - d a y  
v a r i a t i o n  in  t o t a l  group in t a k e  and th e  p lasm a magnesium c o n c e n tr a t io n s  
o f  th e  b lo o d  o f  th e  s h e e p . The l a t t e r  param ieter i s  a  so u rc e  o f  much 
c o n fu s io n  b ecau se  o f  th e  a b sen ce  o f  a  m e an in g fu l d e f i n i t i o n  o f  w hat 
c o n s t i t u t e s  a  ' n o rm a l' p lasm a m agnesium  l e v e l  f o r  sh e e p . The coirmionly 
a c c e p te d  v a lu e  fo r  a p p a re n t ly  h e a l th y  ewes i s  2 ,0  to  2 .5  mg/lOO ml* 
Hemingway and R i tc h ie  (1963 ) m easured  p lasm a magnesium l e v e l s  i n  12 
d i f f e r e n t  f lo c k s  o f  sheep  a b o u t 6 weeks a f t e r  lam b in g . The mean p lasm a 
magnesium v a r ie d  betw een 0 ,9 9  (C h e v io ts )  and  2 ,1 6  mg/lOO m l ( H a l f - b r e d ) ,  
The o v e r a l l  mean p lasm a magnesium (389 sh eep ) was 1 ,6 8  mg/lOO m l. Many 
in d iv id u a l s  had v a lu e s  < 1 , 0  mg/lOO ml and  i n  2 c a s e s  o v e r h a l f  th e  
f lo c k  w ere i n  t h i s  c a te g o ry . The a u th o rs  s t a t e d  t h a t  o n ly  2 ewes o u t o f  
th e  t o t a l  389 succumbed to  c l i n i c a l  te ta n y ? w h ic h  was accom panied  by 
s e v e re  h y p o calcaem ia  (p lasm a ca lc iu m  <  5 mg/lOO m l) . In  s e v e r a l  c a se s  
l a c t a t i n g  ewes in  a  f lo c k  w ith  p lasm a magnesium v a lu e s  a s  low as  0 .2 5  to  
0 .5 0  mg/lOO m l w ere m easured  o v e r lo n g  p e r io d s  w ith o u t any m a n if e s ta t io n  
o f  c l i n i c a l  t e t a n y .  I t  was co n cluded  t h a t  one o f  th e  g r e a t e s t  p a rad o x e s  
e n c o u n te re d  i n  th e  s tu d y  o f  hypom agnesaem ia was th e  h ig h  p ro p o r t io n  o f  
a p p a r e n t ly  norm al ewes w hich have p lasm a magnesium v a lu e s  a t  o r  below  
t h a t  l e v e l  a t  w hich c l i n i c a l  t e t a n y  nay  o c c u r  in  o th e r  s h e e p . T here i s  
a p p a r e n t ly  no minimum l e v e l  below  w hich c l i n i c a l  t e t a n y  i s  i n e v i t a b l e .
I t  i s  a l s o  a  so u rc e  o f  c o n tro v e r s y  o v e r w hat e x a c t ly  i s  th e  
re q u ire m e n t o f  l a c t a t i n g  sheep  f o r  m agnesium . The g e n e ra l  magnesium 
recom m endation f o r  la c ta t in g * lo w la n d  ewes i s  2 ,6  and 2 ,2  g /h e a d /d a y  
fo r  m onths 1 and 2 o f  l a c t a t i o n ? r e s p e c t i v e l y  (ARC 1 9 6 5 ). F or th e  
p re v e n t io n  o f  hypom agnesaem ic t e t a n y  i t  i s  g e n e r a l ly  assum ed t h a t  ewes
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sh o u ld  consume 7 to  14 g o f  c a lc in e d  m a g n e s ite  {k  to  S g o f  M g/head) 
d a i l y .  These l e v e l s  a p p e a r  to  be o n ly  a  t r a n s p o s i t i o n  to  sheep  o f  th e  
recommended re q u ire m e n t to  p re v e n t t e t a n y  i n  c a t t l e  (56 g M gO /head/day) .  
As i t  a p p e a rs  t h a t  f re q u e n c y  o f  m agnesium  in ta k e  i s  more im p o r ta n t  th a n  
a b s o lu te  amount consumed, an ad v a n ta g e  o f  fe e d b lo c k s? o v e r  magnesium g iv e n  
once a  day in  c o n c e n tra te s  c a n n o t be r u le d  o u t ,d e s p i t e  th e  many 
l i m i t a t i o n s  and n o n -u n ifo rm ity  o f  fe e d b lo c k  in ta k e  a l r e a d y  d e sc r ib e d *
E xot 10 .1  The e f f e c t iv e n e s s  o f  a fe e d b lo c k  c o n ta in in g  magnesium o x id e  
a s  a  p r o p h y la c t ic  a g a in s t  hypom agnesaem ia in  l a c t a t i n g  ewes t r a n s f e r r e d  
from  in d o o r  fe e d in g  to  g ra z in g
The m ain o b je c t iv e  o f  t h i s  i n i t i a l  ex p erim en t was t o  d e te rm in e  
i f  th e  p r o v is io n  o f  magnesium o x id e  in  a fe e d b lo c k  would a d e q u a te ly  
m a in ta in  p lasm a magnesium c o n c e n tr a t io n s  o f  l a c t a t i n g  ewes t r a n s f e r r e d  
from  in d o o r  f e e d in g . to  g r a z in g .  The e.xperim ent to o k  p la c e  in  May, 1975.
M a te r ia ls  and M ethods
Tv\fenty fo u r  a d u l t  G rey face  ewes (ag ed  4 to  6 y e a r s )  w ere d i\d .ded  
i n t o  two g roups o f  12 such  t h a t  each  c o n s is te d  o f  6 ewes w ith  tw in  lam bs 
and 6 ewes w ith  s in g le  la m b s . The ewes had  been  p r e v io u s ly  housed  and 
g iv e n  hay  and c o n c e n tr a te s  d u r in g  p reg n an cy  and e a r ly  l a c t a t i o n .  
A d d i t io n a l ly  a l l  had been  accustom ed to  consum ing fe e d b lo c k s .  The ewes 
and  lam bs w ere a b r u p t ly  tu rn e d  o u t  to  g ra s s  on 7 May when th e  lam bs 
w ere a b o u t 4 weeks o f  a g e .
Two perm anen t g r a s s  (2 .5  g M g/kg) paddocks each  o f  a b o u t 0 ,2 5  
h e c ta r e s  w ere a v a i l a b l e .  The g r a s s  had r e c e iv e d  130 k g /h e c ta r e  
ammonium n i t r a t e  (340  g N /kg) some w eeks p r e v io u s ly  and th e  g ra s s  
grow th  was good. One group o f  sheep  was o f f e r e d  an e x p e r im e n ta l- ty p e  
G olbom  fe e d b lo c k  (C o lb o rn -N oM g)?con ta in ing  9 .4 3  g chrom ic o x id e /k g ? b u t 
no magnesium o x id e  in c lu s io n  ( 2 ,6  g Mg/kg fe e d b lo c k  DM). The o th e r
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group was g iv e n  a  b lo c k  (C o lb o rn  w ith  Mg) o f  s im i la r  c o m p o sitio n  b u t 
c o n ta in in g  added magnesium (4 9 .2  Mg/kg fe e d b lo c k  DM) i n  th e  form  o f  
magnesium o x id e ^ a s  w e ll  a s  ab o u t 9 .4 3  g chrom ic o x id e /k g . The b lo c k s  
w ere w eighed d a i l y  and r e p le n is h e d  when l e s s  th a n  th e  consum ption  o v e r 
th e  p re v io u s  24-h o u r  p e r io d  rem a in ed .
B lood sam ples f o r  th e  d e te rm in a t io n  o f  magnesium w ere o b ta in e d  
im m ed ia te ly  p r i o r  to  tu r n o u t  and on 8 o c c a s io n s  d u r in g  th e  fo llo w in g  21 
d a y s . A d d i t io n a l ly  f a e c a l  sam ples w ere o b ta in e d  by g rab  sam p lin g  on 
days 5 and 7 p o s t - tu r n o u t  f o r  th e  d e te rm in a t io n  o f  chrom ic o x ide , a s  a 
means o f  a s s e s s in g  th e  i n d iv id u a l  consum ption  o f  b lo c k  by each in d i v id u a l  
ewe.
Re s u l t s
The w ea th e r  was g e n e r a l ly  v e ry  d ry  d u rin g  th e  e x p e r im e n ta l p e r io d .  
Over th e  w hole 21 -d ay  p e r io d  th e  mean consum ption  o f  th e  b lo c k s  g DM/ewe/ 
day w ere 124 -  14 (6 .1  g Mg) and 106 -  14 (0 .2 8  g Mg) f o r  t h e  C olborn  w ith  
and  Colborn-KoM g b lo c k s , r e s p e c t iv e l y .  Mean d a i l y  in ta k e s  o f  th e  
fe e d b lo c k s  w ere p e rh a p s  g r e a t e r  d u r in g  days 1 to  4 a f t e r  tu r n o u t  and 
s m a l le r  d u r in g  days 13 to  19 . No p lasm a magnesium c o n c e n tra .te s  l e s s  
th a n  1 .0  mg/lOO m l w ere m easured  fo r  in d iv id u a l  e w e s ? ir r e s p e c t iv e  o f  
ty p e  o f  s u p p le m e n ta t io n .
The mean c o n c e n tr a t io n s  (1" SE) o f  magnesium in  th e  b lood  and 
chrom ic o x id e  in  th e  fa e c e s  o f  th e  ewes a re  g iv e n  i n  T ab le  3 2 . T here 
was a  p ronounced  and h ig h ly  s i g n i f i c a n t  (P < O.COl) d e c l in e  i n  p lasm a 
m agnesium  c o n c e n tr a t io n s  f o r  b o th  g ro u p s o f  ewes d u r in g  th e  f i r s t  7 days 
o f  g r a z in g .  F u r th e r  r e d u c t io n s  o c c u r re d  a f t e r  12 to  14 days b u t 
t h e r e a f t e r  th e r e  w ere sm a ll in c r e a s e s  f o r  b o th  g ro u p s . On each  o c c a s io n  
when b lo o d  sam ples w ere o b ta in e d  th e  ewes r e c e iv in g  th e  Mg supp lem en t 
had h ig h e r  c o n c e n tr a t io n s  o'f magnesium in  th e  b lo o d . The d i f f e r e n c e  was 
s i g n i f i c a n t  ( P < 0 .0 $ )  on days 9 and 12 and a lm o s t s i g n i f i c a n t  on days 
2y 5 and 7 .
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T ab le  32 Expt 10 .1  Mean (±  SE) p lasm a magnésium and f a e c a l  chrom ic 
o x id e  c o n c e n tr a t io n s  f o r  ewes g iv e n  C o lb o rn - ty p e  fe e d b lo c k s  w ith  o r  
•wibhout magnesium
Mean p lasm a Mg mg/lOO ml F a e c a l chrom ic o x id e  g/lOO kg DM
C olborn C olborn L evel o f C olborn C olborn
i-d th  Mg No Mg Significance w ith  Mg No Mg
P r e - tu r n o u t 2 .7 7 + 0 .1 3 2 .6 9 + 0 .1 0 NS - , -
P o s t - tu r n o u t
(d a y s )
2 2 ,0 9 + 0 .1 3 1 ,7 7 + 0 .1 0 NS .
5 1 .60+ 0 .09 1 .3 5 + 0 .0 8 NS 186 ( 58 . 1 )^ 148 ( 58 . 8 )
7 1 .5 7 ± 0 .0 8 1 .3 7 Ï0 .0 7 NS 152 ( 7 6 , 1 ) 90  ( 6 4 .1 )
9 1 ,7 2 + 0 .0 8 1 . 41+0 .0 4 P 0 .0 5 - -
12 1 .8 8 + 0 .0 7 1 .6 3 ± 0 .0 7 P 0 .0 5 — "
14 1 .5 4 ± 0 ,0 7 1 . 50+0 ,0 9 NS — -
19 1 .6 7 ± 0 .0 8 1 .5 8 + 0 .0 8 NS - “
21 1 ,8 1 + 0 .0 8 I . 67I 0 .O6 NS - -
CV /
Only one g rab  sam ple had a  f a e c a l  chrom ic o x id e  below  10 g/lOO kg
f a e c a l  DM (2 ,8  g chrom ic ox ide /lO O  kg f o r  th e  C olborn  w ith  Mg b lo c k  a t
th e  s a n p lin g  7 days p o s t - tu r n o u t ) ? s u g g e s t in g  t h a t  t h i s  ewe was n o t
consum ing fe e d b lo c k  in  any  q u a n t i ty  ( th e  f a e c a l  chrom ic o x id e
c o n c e n tr a t io n  a t  5 days p o s t - tu r n o u t  was 14 g/lOO kg DM). The mean
c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  days 7 and 9 w ere 67 ,1  and 61 . 5/ , f o r  th e
w ith  Mg and No Mg e w e s ,r e s p e c t iv e ly ,  in d i c a t i n g  t h a t  th e r e  was o n ly
s l i g h t l y  more in d i v id u a l  v a r i a t i o n  in  in ta k e  betw een in d iv id u a l s  when 
magnesium o x id e  was in c lu d e d  i n  th e  b lo c k .
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  ( i r r e s p e c t i v e  o f  w h e th er 
C o lbo rn  b lo c k s  w ith  o r  w ith o u t m agnesium  w ere g iv e n )  betw een th e
2 3 8 .
i n d i v id u a l  p lasm a m agnesium  c o n c e n tr a te s  a t  2 o r  5 days p o s t - tu r n o u t - ,o r  
when meaned to g e th e r  and f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  a t  5 o r  7 
days p o s t - t u r n o u t ,}o r  when b o th  f a e c a l  sam ples w ere meaned to g e th e r*
N e ith e r  was th e  p e rc e n ta g e  d e c re a s e  i n  p lasm a m agnesium  ( th e  2 and 5 
day p o s t - tu r n o u t  sam p lin g s  com bined and com pared w ith  t h e  p r e - tu r n o u t  
v a lu e s )  s i g n i f i c a n t l y  c o r r e l a t e d  ( r  — - 0 ,4 8 )  w ith  th e  c o n c e n tr a t io n  o f  
chrom ic o x id e  i n  th e  fa e c e s  o f  in d i v id u a l  sh eep .
The ewes s u c ld in g  tw in  lam bs d id  n o t  have s i g n i f i c a n t l y  lo w er 
p lasm a magnesium  c o n c e n tr a t io n s  o r  v a s t l y  d i f f e r e n t  f a e c a l  chrom ic 
c o n c e n tr a t io n s  th a n  ewes s u c k l in g  s in g le  lambs*
D is c u s s io n
The ab sen ce  o f  an y  s i g n i f i c a n t  r e l a t i o n s h i p  betw een p lasm a magnesium 
and f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  f o r  i n d iv id u a l  sheep?w hen g iv e n  
fe e d b lo c k s  c o n ta in in g  MgO was p ro b a b ly  due to  th e  sm a ll number o f  sheep  
p e r  g ro u p . However o n ly  one (C o lbo rn  vriLth Mg b lo c k )  o f  th e  t o t a l  24 
ewes a p p e a re d  n o t  to  be consum ing s i g n i f i c a n t  q u a n t i t i e s  o f  e i t h e r  
f e e d b lo c k . T h is  i n t e r e s t  i n  th e  b lo c k  was m a in ta in e d  d e s p i t e  th e  
p re s e n c e  o f  ab u n d an t h ig h  q u a l i t y  s p r in g  g r a s s  w hich was shown i n  
S e c t io n  2 to  be p r e f e r r e d  e x c lu s iv e ly  by l a c t a t i n g  b e e f  c a t t l e  g iv e n  
R u m e v ite -ty p e  fe e d b lo c k s .
I t  was co n c lu d ed  i n  E xp t 10 ,1  t h a t  th e  p r o v is io n  o f  a  C o lb o rn - 
ty p e  fe e d b lo c k  su p p ly in g  a  mean a d d i t i o n a l  6 .1  g M g/ewe/day had a  
sm a ll  b u t s i g n i f i c a n t  e f f e c t  on in c r e a s in g  th e  c o n c e n tr a t io n  o f  magnesium 
i n  th e  b lo o d  p lasm a o f  ew es. The e x p e r im e n ta l  r e s u l t s  w ere n o t such  a s  
to  i n d i c a t e  w h e th e r t h i s  l e v e l  o f  in t a k e  m igh t have been  e f f e c t i v e  
u n d e r  c o n d i t io n s  w here c l i n i c a l  hypom agnesaem ic t e t a n y  co u ld  have 
o c c u r re d .
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E xpt 1 0 .2  A co n ro ara tiv e  a s se s sm e n t o f  th e  e f f e c t iv e n e s s  o f  a  fe e d b lo c k  
and a  'F re e -A c c e s s ' m in e ra l  m ix tu re  b o th  c o n ta in in g  magnesium o x id e  a s  
p ro phy l a c t i c s  a g a in s t  hypom agnesaem ia i n  l a c t a t i n a  ewes a t  g r a s s
T h is  ex p erim en t d i f f e r e d  from  Ex[:t 10 .1  in  t h a t  th e  sheep  u sed  had  
been  o u ts id e  a l l  im n te r^ d u r in g  w hich tim e  th e y  had c o n tin u o u s ly  r e c e iv e d  
fe e d b lo c k s  u n t i l  lam bing  * A lso two d i f f e r e n t  ' s e l f - h e l p '  m ethods o f  
g iv in g  su p p lem en ta ry  magnesium w ere com pared, fe e d b lo c k s  and ' f r e e -  
a c c e s s , '  m in e ra ls*  The ex p e rim en t was c a r r i e d  o u t i n  May 1975.
M ate r i a l s  and M ethods
Two g roups each o f  14 G rey face  ewes (2  to  6 y e a r s  o ld )  w ith  lam bs
(7 ewes vrnth tw in s  and 7 ewes w ith  s i n g l e  lam bs) aged  a b o u t 2 t o  4  w eeks,
w ere t r a n s f e r r e d  to  two s e p a r a te  and com parab le  paddocks (0 ,5  h e c t a r e )  
o f  perm anen t g r a s s .  The paddocks had p r e v io u s ly  r e c e iv e d  130 kg ammonium 
n i t r a te /h e c ta r e *
One group w ere g iv e n  a  fe e d b lo c k  (C o lborn  w ith  Mg) o f  s im i l a r  
c o m p o sitio n  to  t h a t  u sed  i n  E xpt 1 0 ,1  (4 9 .2  g Mg and 9.4,3 g chrom ic 
o x id e /k g  DM). The b lo c k  was w eighed d a i ly  and r e p la c e d  when l e s s  th a n  
th e  p re v io u s  2 4 -h o u r consum ption  rem a in ed . The o th e r  g roup w ere g iv e n  
ad  l i b i tu m  a c c e s s  t o  a p r o p r i e t a r y  m in e ra l  supp lem en t (T u c o  L td .) ?  
c o n ta in in g  172 g Mg/kg p r e s e n t  a s  magnesium o x id e ^ to  w hich was added 
chrom ic o x id e  to  g iv e  a  c o n c e n tr a t io n  o f  14 .45  g Cr^O ^/kg m in e ra l  
m ix tu re .  The m in e ra l  m ix tu re  was a l s o  w eighed d a i l y  by r e c o rd in g  th e  
g ro s s  w e ig h t o f  m in e ra l  supp lem en t p lu s  c o n ta in e r  and  d e d u c tin g  th e  
w e ig h t o f  th e  c o n ta in e r  to  g iv e  th e  n e t  amount consum ed.
B lood sam ples w ere o b ta in e d  from  each  ewe im m ed ia te ly  b e fo re  th e
s t a r t  o f  th e  t r i a l  on 15 May and on 4 o c c a s io n s  d u r in g  th e  n e x t 10
d a y s . F a e c a l g rab  sam ples w ere o b ta in e d  on day 5 (20  M ay),
R e s u l ts
T here was v e ry  l i t t l e  r a i n f a l l  d u r in g  th e  t r i a l  and th e  w ea th e r
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was g e n e r a l ly  warm. The mean d a i ly  in ta k e s  o f  th e  fe e d b lo c k  and m in e ra l  
supp lem en t w ere 77 -  13 g ( 3 .8  + 0*6 g Mg) and 37 t  13 ( 6 .4  + 2 .2  g Mg) 
g DM/head. These v a lu e s  assum e t h a t  none o f  th e  m a te r ia l s  w ere 
consumed by th e  lam b s. The consum ption  o f  th e  m in e ra l  supp lem en t was 
n e g l i g i b l e  on 4 o f  th e  10 days o f  th e  e x p e rim e n t. The consum ption  o f  
th e  (C o lb o rn  vd.th Mg) b lo c k  was n e g l ig ib l e  on one day only*
Both su p p lem en ts  s i g n i f i c a n t l y  in c r e a s e d  th e  i n i t i a l l y  v e ry  low 
(o n ly  4 ewes w ith  v a lu e s  > 1 . 0  mg/lOO ml and 2 ewes l e s s  th a n  0 ,5  m g/
100 m l) mean p lasm a magnesium c o n c e n tr a t io n  o f  ab o u t 0 .8  mg/lOO ml to  
a b o u t 1 ,1  to  1 .3  mg/lOO m l^ w ith in  1 t o  3 days (T a b le  33)& but th e r e  w ere 
no s i g n i f i c a n t  d i f f e r e n c e s  betw een t r e a tm e n ts .  In  each  ca se  v a lu e s  w ere 
in c re a s e d  m ost f o r  th e  ewes w ith  lo w e s t  i n i t i a l  c o n c e n t r a t io n s .
The mean c o n c e n tr a t io n s  o f  chrom ic o x id e  i n  th e  DM o f  th e  f a e c a l  
g ra b  sam ples o b ta in e d  on day 5?w ere ,73  -  13 and 43 t  10 g/lOO kg f a e c a l  
DM, th e  c o e f f i c i e n t s  o f  v a r i a t i o n  b e in g  65 ,1  and 7 9 ,7 /  f o r  th e  fe e d b lo c k  
and m in e ra l  s u p p le m e n t? re s p e c t iv e ly .  T h is  in d i c a te s  t h a t  th e  in d i v id u a l  
in ta k e  o f  magnesium was p e rh a p s  r a t h e r  more v a r i a b le  f o r  th o s e  ewes g iv e n  
th e  m in e ra l  su p p lem en t. One ewe i n  th e  fe e d b lo c k  group and 2 ewes i n  
th e  m in e ra l  supp lem en t group had f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  
below  o r  o n ly  j u s t  g r e a t e r  th a n  10 g/lOO kg f a e c a l  DM.
T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een in d i v id u a l  f a e c a l  
chrom ic o x id e  c o n c e n tr a t io n s  (d ay  5) and p lasm a m agnesium s (d a y s  1 and 3 
m eaned) o r  p e rc e n ta g e  in c r e a s e  i n  p lasm a magnesium ( th e  in c r e a s e  i n  
p la sm a by day 5 ?e x p re s se d  a s  a  p e rc e n ta g e  o f  th e  p r e  s u p p le m e n ta tio n  
l e v e l )  c o n c e n t r a t io n .
D is c u s s io n
The p re  s u p p le m e n ta t io n  p lasm a magnesium  c o n c e n tr a t io n s  f o r  th e  
ewes in  E xpt 1 0 ,2  w ere v e ry  low  ( in d i v id u a l  v a lu e s  down to  0 ,2 5  mg/lOO 
m l) , y e t  s t i l l  no c l i n i c a l  symptoms o f  hypom agnesaem ic t e t a n y  o c c u r re d .
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T ab le  33 E xpt 1 0 ,2  Mean ( -  SE) p lasm a magnesium c o n c e n tr a t io n s
mg/lOO ml
C o lbo rn  Mg ' F re e -A c c e s s ' m in e ra i  supp lem en t
P re  s u p p le m e n ta t io n 0 .8 0  i  0 .0 6 ”'"' 0 .7 6  t  0 . 07^
P o s t s u p p le m e n ta tio n
Day 1 1 .1 1  t  0 .0 6 1 .0 6  t  0 . 09*
3 1 .2 6  t  0 .0 8 1 .3 2  t  0 .0 6
5 1 .1 8  t  0 .07 1 .1 6  ±  0 .0 5
10 1 .0 7  ±  0 .0 5 1 .3 0  +  0 .0 8
T h is  phenomenon i s  in  ag reem en t w ith  th e  f in d in g s  o f  Hemingway and 
R i t c h ie  (1 9 6 3 )?who r e p o r te d  p lasm a m agnesium  c o n c e n tr a t io n  o f  l a c t a t i n g  
ewes o f  0 .2 5  to  0 ,5 0  mg/lOO m l f o r  lo n g  p e r io d s  w ith o u t any e v id e n c e  o f  
c l i n i c a l  t e t a n y .
B oth su p p lem en ts  a p p e a re d  to  be re a s o n a b ly  e f f e c t i v e  i n  in c r e a s in g  
th e  p lasm a magnesium c o n c e n tr a t io n s  o f  th e  sh eep . A l l  in d iv id u a l s  i n  
b o th  g roups showed a  re s p o n se  t o  th e  supp lem en ts  i n  te rm s o f  in c r e a s e d  
p lasm a m agnesium s w hich was l a r g e l y  m a in ta in e d  o v er th e  e x p e r im e n ta l 
p e r io d .  I t  i s  p o s s ib le  b u t r a t h e r  u n l i k e ly  t h a t  p la sm a magnesium 
c o n c e n tr a t io n s  may have in c r e a s e d  p a r t l y  a s  a  r e s u l t  o f  t h e  p a s tu r e  
change, in d e p e n d e n tly  o f  th e  p r o v is io n  o f  su p p lem en ta ry  m agnesium .
The ' f r e e - a c c e s s *  m in e r a l  su p p lem en t s u p p lie d  a  h ig h e r  mean d a i ly  
i n t a k e  o f  magnesium ( 6 .4  g ) th a n  th e  (C o lb o rn  w ith  Mg) fe e d b lo c k  ( 3 .8  g ) .  
A lthough  th e  fo rm er s u f f e r e d  from  s e v e r a l  days when group in ta k e  was 
a p p a r e n t ly  n e g l ig ib le ,  w h i l s t  o n ly  on one day was th e  fe e d b lo c k  in ta k e  
c o n s id e re d  to  be unm easu rab le  by w e ig h in g . T here  was a l s o  s l i g h t l y  more
2l :
i n d iv id u a l  v a r i a t i o n  i n  in ta k e  f o r  th e  J iiin e ra l su p p le m e n t.
E xp t 10 .3  I n d iv id u a l  v a r i a t i o n  in  magnesium in ta k e  f o r  ewes R iven e i t h e r  
fe e d b lo c k  o r  c o n c e n tr a te s ,  o f f e r in g  a s im i la r  t o t a l  amount o f  magnesium
In  E x p ts  10 .1  and 1 0 ,2  i n d i v id u a l  fe e d b lo c k  in ta k e s  w ere b ased  on 
th e  u se  o f  r e c t a l  g ra b  sam ples w hich  a r e  l e s s  a c c u r a te  th a n  in t a k e s  
b ased  on t o t a l  f a e c a l  c o l l e c t i o n s .  T h e re fo re  i n  E xpt 1 0 ,3  t o t a l  
c o l l e c t i o n s  o f  fa e c e s  w ere a t te m p te d .  A lso y in  th e  two p re v io u s  
e x p e r im e n ts ,^ in d iv id u a l v a r i a t i o n  i n  fe e d b lo c k  in ta k e , ,a l th o u g h  c o n s id e ra b le ?  
c o u ld  n o t  be r e l a t e d  to  i n d i v id u a l  v a r i a t i o n  a r i s i n g  from  o th e r  
te c h n iq u e s  o f  m agnesium  su p p lem en ta tio n , ( a p a r t  from  ’ f r e e - - a c c e s s ‘ m in e ra ls  
i n  E xpt 1 0 ,2 ) .  In  E xpt 1 0 ,3  a  c o n c e n tr a te  c o n t r o l  t r e a tm e n t  was in c lu d e d  
w here t o t a l  amount a l l o c a t e d  was f ix e d  d a ily ,)w ith  th e  i n t e n t i o n  o f  
su p p ly in g  a b o u t 12 g o f  m agnesium  o x id e /h e a d .
On one day  d u r in g  E xp t 1 0 ,3  b o th  th e  fe e d b lo c k  and c o n c e n tr a te  
sheep  w ere b le d  on th r e e  o c c a s io n s  to  exam ine th e  e f f e c t  o f  p a t t e r n  o f
m agnesium in t a k e  ( l i t t l e  and o f t e n  f o r  b lo c k s )  on p lasm a magnesium
v a lu e s .
M a te r ia ls  and M ethods
T h i r ty  fo u r  G rey face  (B o rd e r L e ic e s te r  cf^x  S c o t t i s h  B la c k fa c e  Ç )
ewes w ere d iv id e d  i n t o  2 g roups (M and N) o f  17 a n im a ls .  The number o f
ewes n o n - l a c t a t i n g ,  s u c k l in g  s in g le  o r  tw in  lam bs w ere 9,  4  and 8 ,
4  f o r  g roups M and N, r e s p e c t i v e l y .  The m a jo r i ty  o f  t h e  ewes had lam bed 
in d o o rs  betw een 4 and 12 A p r i l ,  1976 and had re c e iv e d  hay p lu s  b o th  
fe e d b lo c k s  and  c o n c e n tr a te s  f o r  a  4-'week p e r io d  p r i o r  t o  t r a n s f e r  to  two 
a d ja c e n t  paddocks each  o f  a b o u t 0 .2 5  ha on 14 May. The paddocks had 
re c e iv e d  a  l i b e r a l  a p p l i c a t i o n  o f  n it ro g e n o u s  f e r t i l i s e r  a b o u t 25 days 
p r e v io u s ly  and p ro v id e d  g en ero u s  ' l u s h '  s p r in g  g r a s s .
aGroup M ewes w ere g iv e n  an expérim en ta ]. C olborn fe e d b lo c k  
c o n ta in in g  4 4 .5  g Mg/kg DM, no c o n ta in e r  was u sed  and th e  b lo c k  was 
w eighed  d a i ly  a t  0 9 .0 0  h r .  Group D ewes re c e iv e d  d a i l y ^210 g DM/head o f  
a  b a r le y - c o n c e n t r a te  p e l l e t  c o n ta in in g  4#=9 g Mg/kg DM (1 0 .3  g m agnesium / 
d a y ) .  T h is  was g iv en  (0 9 .0 0  h r )  i n  tro u g h s  w ith  a  sp ace  a llo w a n c e  o f  
200 cm /head . The m agnesium  so u rc e  i n  b o th  fe e d b lo c k  and  c o n c e n tr a te  was 
S p an ish  magnesium o x id e . The fe e d b lo c k  and c o n c e n tra te  c o n ta in e d  chrom ic 
o x id e  (9 ,8 8  and 8 .2 8  g /k g  D M ^ re sp e c tiv e ly ) . The ewes w ere equ ip p ed  f o r  
t o t a l  q u a n t i t a t i v e  f a e c a l  c o l l e c t i o n  u s in g  h a rn e s s e s  and n y lo n  mesh 
f a e c a l  b a g s . F aeces  w ere c o l l e c t e d  from  b o th  groups o v e r  a  4™day (days 
12 to  15 p o s t - tu r n o u t )  p e r io d  and w ere sam pled a c c o rd in g  to  M ethod 2 i n  
th e  I n t r o d u c t io n .  I n d iv id u a l  c o n c e n tr a te  o r  fe e d b lo c k  in ta k e s  were 
c a l c u la te d  a c c o rd in g  to  th e  amount o f  chrom ic o x id e  r e c o v e re d .
B lood sam ples w ere ta k e n  by ju g u la r  v en ap u n c tu re  (0 8 .0 0  h r )  from  
th e  ewes 1 day b e fo re  tu r n o u t  and 3 j 10 and  15 days p o s t - t u r n o u t .  On 
th e  l a t t e r  o c c a s io n  th e  ewes w ere b le d  3 tim e s  a t  0 8 ,0 0 , 1 2 .0 0  and
l6 ,0 0  h r s .  A ll  sam ples w ere a n a ly s e d  f o r  p lasm a magnesium c o n c e n t r a t io n .
R e s u l ts
T here  w ere no c l i n i c a l  c a s e s  o f  hypom agnesaem ic t e t a n y .  The 
w e a th e r  c o n d i t io n s  d u r in g  th e  e x p e rim en t w ere g e n e r a l ly  d ry .  The mean 
d a i l y  DM in ta k e  (o b ta in e d  by d a i l y  w e ig h in g ) o f  th e  e x p e r im e n ta l C o lborn  
fe e d b lo c k  was 180 t  20 g /h e a d  o v e r th e  w hole e x p e rim e n t. I n d iv id u a l  
m agnesium  in t a k e s  from  e i t h e r  fe e d b lo c k  o r  c o n c e n tra te  a r e  p r e s e n te d  i n  
T ab le  34* The mean d a i l y  DM in t a k e s  o f  fe e d b lo c k  and c o n c e n tr a te  
(o b ta in e d  by c a l c u l a t i o n  o f  chrom ic o x id e  i n  f a e c e s )  w ere 157 and 
173 g /h e a d  f o r  g roups M and  N ,r e s p e c t iv e ly .  The CV f o r  fe e d b lo c k  in ta k e  
( 5 5 ,6 / )  was a lm o st tw ic e  th e  c o n c e n tr a te  v a lu e  ( 2 9 .8 / ) ,  The mean 
in ta k e s  o f  ewes s u c k l in g  tw in  Iambs ( l6 0  g /h e a d )  and gi.ven fe e d b lo c k  
(g ro u p  M) was 5 1 /  g r e a t e r  th a n  th e  in ta k e  (106 g /h e a d )  o f  t h e  non- 
l a c t a t i n g  e w e s ,b u t 2 1 /  l e s s  th a n  th e  in t a k e  (202 g /h e a d )  o f  ewes s u c k l in g
21.'4 -i.V c
s in g le  lam bs.
The mean in t a k e s  ( l9 2  g /h e a d )  o f  ewes s u c k l in g  tw in  lam bs and g iv e n  
c o n c e n tra te s  (g ro u p  M) was 19 and 3 0 /  g r e a t e r  th a n  th e  mean in ta k e s  ( l6 2  
and I 4Ô g /h e a d ) o f  s in g le  s u c k lin g  and n o n - la c ta t in g  e v re s ^ re s p e c tiv e ly .
One ewe i n  each  group consumed more th a n  12 g > Ig /head/day  from  th e  
su p p le m e n ts . The low^est in d iv id u a l  Mg consum ption ( 3 .4  g /h e a d )  f o r  th e  
sheep  g iv e n  th e  c o n c e n tra te  supp lem en t was by a ewe s u c k l in g  a s in g le  
lam b. Only 2 sheep  consumed a p p re c ia b ly  l e s s  th a n  6 g /h e a d . F iv e  o f  
th e  t o t a l  o f  1? ewes g iv e n  th e  fe e d b lo c k  had d a i ly  magnesium in ta k e s  
w e l l  below  6 g /h e a d  ( in c lu d in g  3 o f  9 ewes s u c k l in g  tw in  la m b s ) .
T ab le  34 E xnt 1 0 .3  I n d iv id u a l  fe e d b lo c k  and (m agnesium ) in ta k e s  (g )
Non-
l a c t a t i n g
C o lb o m -ty o e  fe e d b lo c k
S in g le s  Twins
Mean
C o n c e n tra te s
Non- ,
l a c t a t i n g Twine
Over a l l  
Mean
fe e d b lo c k  
o r  magnesium 
in t a k e  1;
CV 5 5 ,6 /
( 6 , 5 ) 37 ( 1 ,6 ) 92 ( 4 .5 ) 118 ( 3 . 4 ) 128 ( 6 . 3 )
( 9 .2 ) 52 ( 2 ,3 ) 121 ( 5 .9 ) 138 ( 6 . 7 ) 138 ( 6 . 7 )
(1 0 .0 ) 88 (1 0 ,0 ) 137 ( 6 .7 ) 163 ( 8 .0 ) 177 ( 8 .7 )
( 1 0 . 2 ) 133 ( 5 ,9 ) 242 ( 1 1 . 8 ) 165 ( 8 .1 ) 191 ( 9 .3 )
152 ( 6 .7 ) 226 ( 1 1 . 0 ) 197 ( 9 .6 )
( 9 ,0 ) 179 ( 7 , 9 ) 148 ( 7 ,2 ) 197 ( 9 .6 )
233 ( 9 ,9 ) 162 ( 7 .4 ) 217 (1 0 .6 )
254 (1 1 ,3 ) 288 ( 1 4 . 1 )
319 ( 1 4 , 2 )
192 ( 9 . 4 )
160 ( 7 .1 )
( 7 ,0 ) 173 ( 8 . 3 )
2 9 , 8/
2 4 5 .
T ab le  35 fbm t 1 0 ,3  Mean ( t  SE) p la sm a  magnésium c o n c e n tr a t io n s  (m g/lOOm l) 
f o r  sh e e p  g iv e n  e i th e i"  .feedb locks o r  c o n c e n tra te s  c o n ta in in g  m agnesium
F eed b lo ck
P r e - tu r n o u t
N o n - la c ta t in g
S in g le s
Twins
1 day p o s t - tu r n o u t
N o n - la c ta t in g
S in g le s
Twins
10 days p o s t - tu r n o u t  
N o n - la c ta t in g  
S in g le s  
Tivins
4 ) '
4 )
9 )
2 .7 1 -0 .0 7
2 .7 1 ± 0 .0 7
2 .80+0.04
2 .3 0 + 0 .1 9
2 . 15+0.06
2 .34±1.00
2 .3 2 + 0 .2 4
2 .2 4 + 0 .1 3
2 .0 9 Ï0 .0 9
Time ( h r )
0 8 .0 0  1 2 .0 0  1 6 .0 0
Concent r a l e
4 ) 2 .7 6 + 0 .0 3
5) 2 .8 6 + 0 .0 3
8 ) 2 .8 1 ± 0 .0 8
2 .30+0 .08
2 .2 9 + 0 .0 9
2 .4 2 + 0 .1 4
2 .2 6 + 0 .0 4
2 .3 5 + 0 .1 2
2 . 26+0 .1 0
Time ( h r )
0 8 .0 0  1 2 .0 0  1 6 .0 0
15 days p o s t - tu r n o u t  
N o n - la c ta t in g
2.39+0.23 2 .71+0.05 2 .48+0.23 2 .3 5 + 0 .1 0  2 .59+ 0 .02  2 .49+0.09
S in g le s
2.42+0.23 2 .47+ 0 .20  2 .54+ 0 .20  2 .5 8 + 0 .0 9  2.77+0.12  2 .72+0.07
Twins
2 .33+ 0 .18  2 .38+ 0 .10  2 .41+ 0 .10  2 .34+0.07 2 .60+oto5 2 .62+ 0 .06
A ll  ewes
2 .3 6 + 0 .0 9  2 .4 8 + 0 .0 7  2 .4 6 + 0 .0 8  2 .4 2 + 0 .0 6  2 .6 5 + 0 .0 5  2 . 8 + 0 .0 4
4- number o f  ewes i n  c a te g o ry .
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The pJrtsma magnesium  c o n c e n tr a t io n s  a t  th e  v a r io u s  sam p lin g s  f o r  
th e  ewes a r e  g iv e n  i n  T ab le  35» The mean p lasm a magnesium  c o n c e n tr a t io n s  
1 -d ay  p o s t - t u r n o u t  had  d e c re a se d  s i g n i f i c a n t l y  ( P < 0 , 0 0 l )  from  th e  
p r e - tu r n o u t  l e v e l s  o f  2 ,7 1  and 2 ,7 6  mg/lOO iïïI  to  2 .2 8  and 2 .3 5  mg/lOO ml^ 
f o r  th e  fe e d b lo c k  and c o n c e n tr a te  g r o u p s , r e s p e c t iv e ly .  At th e  10-day  
p o s t - tu r n o u t  sam pling,,m ean p lasm a m agnesium  f o r  bo th  g ro u p s  had f u r t h e r  
d e c re a s e d  s l i g h t l y ^ b u t  n o t s i g n i f i c a n t l y  to  2 .1 8  and 2 .2 9  m g/100 m l, 
r e s p e c t i v e l y .  F i f t e e n  days p o s t - t u r n o u t  th e  mean p lasm a magnesium  
c o n c e n tr a t io n s  had in c r e a s e d  a g a in  f o r  b o th  g roups o f  ewes (2 ,3 6  and 
2 ,4 2  mg/lOO m l) .  T h is  in c r e a s e  was n o t  s i g n i f i c a n t .  T here  w ere no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  mean p lasm a nagnesium  c o n c e n tr a t io n s  a t
0 8 ,0 0  h r s  f o r  b o th  fe e d b lo c k  and c o n c e n tr a te  su p p lem en ted  sh e e p ? 
i r r e s p e c t i v e  o f  number o f  lam bs b e in g  s u c k le d .
The mean p lasm a magnesium o f  t h e  c o n c e n tr a te  su p p lem en ted  ewes 
( 2 ,6 5  and  2 ,6 3  mg 100 ml a t  1 2 ,0 0  and  1 6 ,0 0  h r ^ r e s p e c t iv e ly )  w ere 
s i g n i f i c a n t l y  ( P < 0 . 0 l )  h ig h e r  th a n  th e  c o n c e n tr a t io n  a t  0 8 .0 0  h r s  
( 2 .4 2  mg/lOO m l) .  T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  i n  p lasm a 
m agnesium  c o n c e n tr a t io n s  f o r  th e  fe e d b lo c k  supp lem en ted  ewes when th e  
3 sam ples w ere ta k e n  on one d a y . T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  
betw een  c a lc u la te d  magnesium  in ta .k e s  and  p lasm a magnesium c o n c e n tr a t io n s  
f o r  e i t h e r  group o f  ewes a t  an y  o f  th e  sam p lin g  p e r io d s .
D is c u s s io n
The c o n s is te n c y  o f  th e  f a e c e s  d u r in g  th e  e x p e rim e n t was v e ry  s o f t  
m aking q u a n t i t a t i v e  c o l l e c t i o n  o f  t h e  f a e c e s  d i f f i c u l ty W iic h  p ro b a b ly  
a c c o u n ts  f o r  th e  d is c re p a n c y  (u n d e re s t im a te )  betw een c a lc u la te d  
m agnesium  in t a k e s  and t o t a l  amount o f  magnesium a l l o c a t e d .  The mean 
c a l c u la te d  fe e d b lo c k  and c o n c e n tr a te  in t a k e s  w ere o n ly  a b o u t 86 and 8 2 / ,  
r e s p e c t iv e ly ^ o f  th e  mean q u a n t i t i e s  a l l o c a t e d .  T h e re fo re  i t  i s  l i k e l y  
t h a t  some f a e c e s  w ere l o s t  and t h a t  th e  fe e d b lo c k  (m ag n esiu n ) in t a k e s
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q u o te d  a r e  l e s s  a c c u r a te  th a n  i n  o th e r  experim ents^w hen t o t a l  c o l l e c t i o n s  
have been u sed  to  e s t im a te  i n d iv id u a l  supp lem ent i n t a k e s .  They a r e  
n e v e r th e le s s  s t i l l  f a r  more r e l i a b l e  e s t im a t io n s  o f  in d iv id u a l  in ta k e s  
th a n  th o s e  b ased  on r e c t a l  g ra b  sam p le s .
The h ig h e r  CV fo r  in d iv id u a l  fe e d b lo c k  th a n  c o n c e n tr a te  in t a k e  i s  
i n  ag reem en t w ith  th e  r e s u l t s  o f  S e c t io n  1?w here in  v i r t u a l l y  a l l  
circum stances» ; c o n c e n tra te s  w ere a  more p r e c i s e  means o f  g iv in g  n u t r i e n t s  
th a n  fe e d b lo c k s . A ll  ewes consumed some fe e d b lo c k  b u t th e  in ta k e s  w ere 
low f o r  5 o f  th e  17 sh e e p .
T here  was no e v id en ce  to  s u g g e s t t h a t  ewes su e la ting  tw in  lam bs 
and g iv e n  fe e d b lo c k  w ould consume g r e a t e r  q u a n t i t i e s  o f  magnesium th a n  
ewes s u c k lin g  s in g le  lam b s. Both c a te g o r ie s  however consumed 
a p p r e c ia b ly  more fe e d b lo c k  (m agnesium ) th a n  n o n - la c ta t in g  ew es.
A lthough  th e  s m a ll  num bers o f  sheep  in  each c a te g o ry  l im i te d  th e  
c o n fid e n c e  w hich co u ld  be p la c e d  on th e  r e s u l t s ^ s e v e r a l  o f  th e  ewes 
s u c k lin g  tw in s  had su p p le m e n ta ry  magnesium in ta k e s  below  4 g /head^  w h i l s t  
no ewes s u c k lin g  tw in s  and g iv e n  c o n c e n tr a te s  had  d a i ly  magnesium 
in ta k e s  below  6 g /h e a d . In  f a c t * th e  mean magnesium in t a k e s  from  
c o n c e n tr a te s  w ere even ran k ed  a c c o rd in g  to  l i k e l y  re q u ire m e n ts jw i th  non- 
l a c t a t i n g  ewes consum ing l e s s  th a n  ewes s u c k lin g  e i t h e r  s in g le  o r tw in  
lam b s, Ev/es s u c k lin g  one lamb consumed l e s s  tlian  ewes s u c k lin g  tw in  
lam bs.
A lthough p lasm a magnesium c o n c e n tr a t io n s  d e c re a se d  s i g n i f i c a n t l y  
upon tu r n o u t  th e r e  w ere no c l i n i c a l  c a se s  o f  hypom agnesaem ic t e t a n y .
The lo w e s t p lasm a magnesium c o n c e n tr a t io n s  m easured  were a b o u t 1 .7  m g/ 
lOO m l w hich i s  h a rd ly  i n d i c a t i v e  o f  a s u b c l i n i c a l  hypom agnesaem ic 
c o n d i t io n ,  (The mean magnesium  c o n c e n tr a t io n s  m easured  by Hemingv/ay and 
R i tc h ie  ( l9 6 3 )  f o r  389 l a c t a t i n g  sheep  was 1 .6 8  mg/lOO m l) .  In  th e  
ab sen ce  o f  a  group o f  sheep  g iv e n  no su p p lem en ta ry  m agnesium  i t  was 
d i f f i c u l t  to  a s s e s s  w h e th e r th e  a b sen ce  o f  low p lasm a magnesium
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c o n c e n tr a t io n s  r e f l e c t e d  th e  s u c c e s s  o f  th e  su p p lem en ts  u sed  or  n o t .
T here  w ere how ever no c o r r e l a t i o n s  betw een supp lem en t in ta k e s  and 
p lasm a nmgnesium c o n c e n t r a t io n s .  T h e re fo re  i t  i s  p o s s ib le  t h a t  th e  
sheep  u sed  in  t h i s  ex p e rim e n t w ere i n  a  n o n - c r i t i c a l  s i t u a t i o n  where 
su p p lem en ta ry  m agnesium  was n o t r e q u i r e d .
By th e  tim e  th e  sheep  w ere tu rn e d  o u tm o s t  had been  l a c t a t i n g  f o r  
4 to  6 weeks and th e  demand f o r  magnesium may have le s s e n e d  a s  m ilk  
p ro d u c tio n  d e c re a s e d .  T h e re fo re  th e  sheep  had p e rh a p s  been tu rn e d  o u t 
to o  l a t e  i n  l a c t a t i o n  to  be in  a t r u l y  s e n s i t i v e  s i t u a t i o n e r e  
hypom agnesaem ic te t a n y  was l i k e l y  to  o c c u r .  Most o f  th e  ewes were a l s o  
r e l a t i v e l y  young (seco n d  crop  o f  lam bs) and w ere c o n se q u e n tly  l e s s  
p re d is p o s e d  to  t e t a n y  (Hemingway, I n g l i s  and R i tc h ie ,  I9 6 0 ) .
\# i0n th e  sheep  g iv e n  fe e d b lo c k  w ere b le d  on 3 o c c a s io n s  d u r in g  
a  24- h r  p e r io d ^ th e re  was l i t t l e  d i f f e r e n c e  i n  mean p lasm a magnesium 
c o n c e n t r a t io n .  The sheep  g iv e n  c o n c e n tr a te s  had s i g n i f i c a n t l y  e le v a te d  
l e v e l s  3 and 7 h o u rs  a f t e r  g iv in g  th e  d a i l y  a l io c a t io n ^ th a n  1 hou r 
b e f o r e .  T h is  em phasises  t h e  im p o rtan ce  o f  tim e  o f  b le e d in g  in  r e l a t i o n  
t o  when magnesiimi i s  g iv e n ^ p a r t i c u la r ly  i f  g iv e n  i n  a  s in g le  d a i ly  
a l l o c a t i o n .
The r e s u l t s  o f  t h i s  e x p e rim en t a g re e d  w ith  th o s e  o f  E xpt lO . ly in  
t h a t  th e r e  was no e v id en ce  to  s u g g e s t a r e l a t i o n s h i p  betw een magnesium 
in t a k e  from  's e l f - h e l p *  fe e d b lo c k s  and number o f  lam bs s u c k le d  f o r  
l a c t a t i n g  sh eep . However, b o th  th e  fe e d b lo c k  and c o n c e n tr a te  su p p lem en ts  
w ere e f f e c t i v e  i n  t h e  e x p e r im e n ta l c irc u m s ta n c e s  b ecau se  a l l  sheep  
consumed a t  l e a s t  some su p p lem en ta ry  magnesium and no c a se s  o f  c l in i .c a l  
t e t a n y  o c c u r re d .  I t  i s  v i r t u a l l y  im p o ss ib le  to  e v a lu a te  a c c u r a te ly  d i f f e r e n t  
m ethods o f  g iv in g  su p p lem en ta ry  magnesium  to  sheep  u n le s s  c l i n i c a l  c a s e s  
o f  t e t a n y  a r e  p ro d u c e d jb e c a u se  o f  th e  u n c e r t a in  n a tu re  o f  p lasm a magnesium 
c o n c e n tr a t io n s  and th e  a b se n c e  o f  any w e l l  d e f in e d  c r i t e r i a  s c i e n t i f i c a l l y  
e s t a b l i s h e d  re q u ire m e n t f o r  magnesium by l a c t a t i n g  sh e e p .
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F u rth e n n o re  b ecau se  o f  th e  com plex n a tu re  o f  a c u te  ru m in an t 
hypornagnesaem ia, i n d i c a t i n g  i t  to  be a m a ta b o lic  r a th e r  th a n  a  
n u t r i t i o n a l  d is e a s e  i t  i s  p e rh a p s  an o v e r s im p l i f i c a t i o n  to  e x p e c t any 
r e l a t i o n s h i o  betw een in ta k e  and need  to  e x i s t .
E xpt 1 0 ,4  The a c c e o t i b i l i t y  and in d iv id u a l  v a r i a t io n  i n  in ta k e  o f  
e x p e r im e n ta l fe e d b lo c k s  c o n ta in in g  magnesium
In  E x p ts  1 0 ,1 , 1 0 ,2  and  10 ,3  l a c t a t i n g  sheep consumed s m a ll 
q u a n t i t i e s  o f  m a g n esiu m -co n ta in in g  C o lb o rn -ty p e  e x p e r im e n ta l fe e d b lo c k s  
a t  s p r in g  g r a s s .  The o b je c t  o f  E xpt 1 0 ,4  was to  f u r t h e r  a s s e s s  th e  
a c c e p t i b i l i t y  and  in d iv id u a l  v a r i a t i o n  in  in ta k e  o f  t h i s  and o th e r  
fe e d b lo c k  ty p e s ,w i th  groups o f  ewes p r e v io u s ly  o u tw in te r e d ,o r  ewes 
a b r u p t ly  tux-ned o u t to  s p r in g  g ra s s  a f t e r  b e in g  housed  d u r in g  th e  w in te r .  
The e f f e c t  o f  change i n  h e rb ag e  a v a i l a b i l i t y  on fe e d b lo c k  in ta k e  was a l s o  
s tu d ie d  by g iv in g  th e  sheep  a  ' f r e s h - b i t e '  o f  s p r in g  g r a s s , a f t e r  
p r e v io u s ly  g ra z in g  a b a re  p a s tu r e .
M a te r ia l  and M ethods
The e x p e rim en ts  w ere a l l  c a r r i e d  o u t d.n A p r i l  and May 1976 on th e  
U n iv e r s i ty  o f  Glasgow F ie ld  S t a t i o n ,  Cochno Farm, A p art from  one t r i a l  
when D o rse t Horn ewes w ere u sed  a l l  th e  sheep em ployed w ere G rey faces  
(B o rd e r L e ic e s te r  Cf^x S c o t t i s h  B la c k fa c e 9 ) ,
The fe e d b lo c k s  u sed  w ere e s s e n t i a l l y  s im i la r  o r  th e  same i n  te rm s  
o f  c o m p o sitio n  and m a n u fa c tu r in g  p ro c e s s  t o  th o s e  d e s c r ib e d  in  th e  
I n t r o d u c t io n  (T ab le  l )  e x c e p t t h a t  th e  in c lu s io n  r a t e  a n d /o r  so u rc e  o f  
m agnesium  was ch anged . The fo llo w in g  t r i a l s  w ere c a r r i e d  o u t .
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T r i a l  I .
Twelve D o rse t Horn ewes w ith  15 lam bs w ere tu rn e d  o u t on th e  
29 A p r i l  i n to  a 0 .5  ha paddock v l t h  am ple s p r in g  g r a s s  (perm anen t p a s tu r e )  
a f t e r  p r e v io u s ly  b e in g  housed  d u r in g  th e  w in te r .  The ewes had lam bed 
ab o u t 3 to  4 weeks b e fo re  and r e c e iv e d  fe e d b lo c k s  i n s i d e .  T hree 
s l i g h t l y  d i f f e r e n t  b lo c k s  w ere g iv e n  s im u lta n e o u s ly  to  th e  sh eep ; ( a )  a 
C o lb o rn -ty p e  b lo c k  c o n ta in in g  MgO (a s  used  in  E xpt 1 0 .1 ) ;  (b )  a  C o lb o rn - 
ty p e  b lo c k  c o n ta in in g  magnesium p h o sp h a te  (MgP, 2CO g Mg, 185 g P /k g ) 
g iv in g  28 ,1  g Mg/kg and 2 3 .6  g P /k g  fe e d b lo c k  DM and ( c )  a C olborn -ty ipe  
b lo c k  c o n ta in in g  no added m agnesium . The b lo c k s  w ere w eighed  d a i l y .
The ewes w ere b le d  ( f o r  m agnesium ) 3 , 10, l6  and 25 days p o s t ­
tu r n o u t  and r e c t a l l y  g ra b  sam pled 10 days p o s t - t u r n o u t ,  (A ll  t h r e e  
fe e d b lo c k s  c o n ta in e d  ab o u t 9 ,5  to  1 ,0  g chrom ic oxLde/kg b lo c k  DM),
Ti-ia l  I I
Ten G rey face  ewes w ith  tw in s  and 5 n o n - la c ta t in g  ewes w ere tu rn e d  
o u t (29  A p r i l )  i n t o  a  1 ha paddock o f  l i b e r a l l y  f e r t i l i s e d  perm anent 
p a s tu r e .  The ewes had p r e v io u s ly  been  housed d u r in g  th e  w in te r  and had 
been  l a c t a t i n g  f o r  3 to  4 w eeks. Two e x p e r im e n ta l Rum evite fe e d b lo c k s  
w ere g iv e n  to  th e  ewes c o n ta in in g  e i t h e r  MgO o r  MgP a s  th e  magnesium 
so u rc e  ( l 8  and* 50 g Mg/kg fe e d b lo c k s  DM r e s p e c t i v e l y ) .  The b lo c k s  were 
w eighed  d a i l y .  The sheep  w ere b le d  1 day b e fo re  tu r n o u t  (28 A p r i l )  and 
1 and 7 days p o s t - t u r n o u t .
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T r i a l  I I I
T h i r ty  G rey face  ewes and  45 lam bs had been  g iv e n  a c c e s s  to  a  f i e l d  
(8  h a )  o f  perm anen t p a s tu r e  f o r  s e v e r a l  w eeks, d u r in g  w hich tim e  th e y  had 
lam bed . I n i t i a l l y  th e  p a s tu r e  was v e ry  b a re  b u t g r a d u a l ly  s p r in g  g r a s s  
becarae a v a i l a b l e  to  th e  ew es. D uring  t h i s  tim e  th e  sheep  had  been  g iv e n  
2 e x p e r im e n ta l  C olborn b lo c k s  c o n ta in in g  MgO, s im i la r  i n  c o m p o sitio n  to  
th o s e  u sed  in  E xpt 10 ,3  (44#5 g Mg 9 . 5  g chrom ic o x id e /k g  b lo c k  DM).
The in ta k e s  o f  th e  b lo c k s  w ere m o n ito re d  by d a i ly  w e ig h in g . On 5 and  
10 May th e  sheep w ere b le d  and r e c t a l l y  g rab  sam pled .
T ri a l  IV
F i f t y  one G rey face  ewes w ith  80 lam bs had been  g ra z in g  a 
r e l a t i v e l y  b a re  p a s tu r e  f o r  a b o u t 3 w eeks. The ewes lam bed 3 to  5 weeks 
e a r l i e r .  On 8 May th e  sheep  w ere moved to  a  *f r e s h - b i t e , * o f  ' l u s h '  
s p r in g  g r a s s  i n  a  paddock o f  ab o u t 4 .5  h a . D uring  th e  p re v io u s  weeks and 
th ro u g h o u t th e  movement p e r io d  th e  sheep  had been g iv e n  two W290(V6) 
fe e d b lo c k s  ( l2  g Mg/kg fe e d b lo c k  DM), th e  in ta k e s  o f  w hich  w ere m o n ito re d  
by d a i ly  w e ig h in g .
The sheep  w ere b le d  3 days b e f o r e ,  and 2 and 6 days a f t e r  ch an g in g  
p a s tu r e s ,  (on th e  5> 10 and 14 May, r e s p e c t i v e l y ) .  R e c ta l  g ra b  sam ples 
w ere o b ta in e d  3 days b e fo re  and  6 and  12 days a f t e r  chang ing  p a s tu r e .
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Tr i a l  V
T h ir ty  f i v e  G rey face  ewes w ith  60 lam bs had r e c e iv e d  Rumev i t e -  
ty p e  fe e d b lo c k s  (RS o r  RHE) o u td o o rs  fo r  s e v e r a l  m onths p r e v io u s ly .  The 
ewes lam bed d u r in g  March and w ere g ra z in g  a very  b a re  p a s tu r e  and 
consum ing a p p r e c ia b le  am ounts o f  RHE fe e d b lo c k s  (92 g /h e a d ) .  On 8 May 
th e  ewes w ere moved to  a 4 ha paddock w hich c o n ta in e d  am ple 's p r i n g  
g r a s s , '  ( p r e v io u s ly ^ h e a v i ly  f e r t i l i s e d  w ith  n i t r o g e n ) .  In  a d d i t io n  th e  
ewes w ere g iv e n  a RHE and Rum evite 'S p r in g b lo k ' (a  p r o p r ie to r y  h ig h  
m agnesium (60  g Mg/kg B lock DM) fe e d b lo c k y p u rp o s e fu lly  d e s ig n e d  f o r  u se  
d u r in g  tim e s  when hypomagnesaemi.a i s  l i k e l y  to  o c c u r ) .  On 5 and 10 May 
th e  ewes w ere b le d  (3  days p r e -  and 2 days p o s t-c h a n g in g  p a s tu r e s  
r e s p e c t i v e l y ) .
R e s u l ts
In  T r i a l  I  th e  d a i ly  in t a k e s  o f  th e  MgO, MgP o r  No-Mg C o lbo rii- 
ty p e  b lo c k s  w ere 39 + 8 , 2 8 + 7  and 49 + 12 g DM/head (a  mean 2 ,5  g 
M g/head i n  t o t a l ) .  These d i f f e r e n c e s  i n  in t a k e s  w ere n o t  s i g n i f i c a n t .  
The mean p lasm a magnesium c o n c e n tr a t io n  3 days p o s t - tu r n o u t  (2 ,3 1  + 0 ,0 1  
mg/lOO m l) was s i g n i f i c a n t l y  ( P < 0 ,0 0 1 ) lo w er th a n  th e  p r e - tu r n o u t  mean 
c o n c e n tr a t io n  (2 ,7 1  + 0 ,0 2  mg/lOO m l) .  T here w ere no s i g n i f i c a n t  
d i f f e r e n c e s  in  p lasm a magnesium c o n c e n tr a t io n s  10, 16 and 25 days p o s t ­
tu r n o u t  ( 2 . 3 7 , ^ 2 ,4 1  and 2 .5 1  mg/1 0 0  m l5r e s p e c t i v e l y ) 5,a lth o u g h  l e v e l s  
p r o g r e s s iv e ly  in c r e a s e d .  The CV f o r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  
was 7 9 . 1/  w ith  a  ran g e  in  c o n c e n tr a t io n  o f  I 4 t o  230 g/lOO kg f a e c a l  DM 
(Mean = 83 g/lOO kg f a e c a l  DM).
In  T r i a l  I I  w ith  R u raev ite -ty p e  b lo c k s  th e  sheep  c o m p le te ly  r e fu s e d  
to  consume any  fe e d b lo c k  and th e  e x p e rim en t was d is c o n t in u e d  7 days 
a f t e r  t u r n o u t .  The mean p lasm a m agnesium  d e c re a se d  s i g n i f i c a n t l y  
(P < 0 , 001 ) from  a  p r e - tu r n o u t  l e v e l  o f  2 ,91  0 ,0 7  mg/lCO ml to
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2 .3 9  + 0 .0 5  mg/lOO ml ? days p o s t - t u r n o u t .
The mean d a i ly  in t a k e  o f  t h e  M gO -contain ing  C olborn  b lo c k  d u r in g  
T r i a l  I I I  was 118 ± 7 g DM/head (5 .3  + 0 .3  g M g/head). T here was a 
s l i g h t  b u t non s i g n i f i c a n t  d e c re a s e  i n  mean p lasm a magnesium c o n c e n tr a t io n  
from  2 ,1 0  to  1 .9 5  mg/lOO m l betw een  th e  2 s a m p lin g s . The ra n g e  i n  p lasm a 
magnesium c o n c e n tr a t io n s  was 1 .4 3  to  2 .6 9  mg/lOO m l. On th e  5 Mayj o f  th e  
17 ew es,from  w hich f a e c e s  sam ples w ere o b ta in e d , th r e e  d id  n o t  a p p e a r  to  
be consum ing fe e d b lo c k .  The CV fo r  f a e c a l  chrom ic o x id e  f o r  th e  
re m a in in g  14 ewes was 8 2 .7 / ,  ran g e  21 to  535 g chrom ic ox ide /lO O  kg 
f a e c a l  DM (mean =  1 2 8 ) , At th e  second  sam ple ( 10May), 22 ewes w ere g ra b  
sam pled, in c lu d in g  2 in d iv id u a l s  w hich d id  n o t ap p e a r  to  be consum ing 
b lo c k . The CV was now 7 2 .9 / ,  ran g e  16 to  673 g chrom ic ox ide /lO O  kg 
f a e c a l  DM (mean 2 4 1 ) .
In  T r i a l  IV th e  mean d a i ly  in t a k e  o f  W290(76) on th e  b a re  p a s tu i 'e  
was 59 + 8 g DM/head (0 ,7 1  + 0 ,1 0  g Mg), IVhen th e  ewes w ere t r a n s f e r r e d  
t o  ' l u s h '  s p r in g  g ra z in g  th e  mean d a i ly  in ta k e  o f  ¥ 2 90 (76 ) in c re a s e d  
s u r p r i s i n g l y  to  84 + 10 g /h e a d  ( l . O  + 0 .0 1  g Mg), The d i f f e r e n c e  was 
n o t  s i g n i f i c a n t .  The mean p lasm a magnesium c o n c e n tr a t io n  on th e  b a re  
p a s tu r e  (1 .9 6  + 0 ,0 5  mg/lOO m l, ran g e  0 .9 9  to  2 .6 3 )  was s i g n i f i c a n t l y  
( P < 0 .0 1 )  h ig h e r  th a n  2 days a f t e r  th e  ewes w ere moved to  'lu sh *  s p r in g  
g r a s s  ( 1 .7 6  + 0 ,0 4  mg/1 0 0  m l, ran g e  1 .1 8  to  2 ,2 8 ) .  Vjhen th e  ewes w ere 
sam pled 6 days a f t e r  th e  move, th e  mean p lasm a m g n e siu m  c o n c e n tr a t io n s  
( 1 ,9 6  +  0 ,0 5  mg/1 0 0  m l, ran g e  1 ,4 3  to  1 ,6 9 )  had  s i g n i f i c a n t l y  in c r e a s e d  
a g a i n .
B efo re  m oving th e  ewes, r e c t a l  g rab  sam ples w ere o b ta in e d  from  28 
in d iv id u a l s  o f  w hich  5 w ere c o n s id e re d  n o t  to  be consum ing any  b lo c k  
( f a e c a l  chrom ic o x id e  <  5 g/lOO kg DM), The CV f o r  t h e  rem a in in g  23 
ewes was 7 5 /  w ith  f a e c a l  chrom ic o x id e  ra n g in g  from  7 to  6 l g/lOO kg DM 
(Mean = 1 9 ) ,  IVhen th e  ewes w ere g rab  sam pled 6 days a f t e r  moving, o n ly  1 
o f  th e  37 sam ples o b ta in e d  had a  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  o f
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below  5 g/lOO kg DM. The CV f o r  fe e d b lo c k  in ta k e  f o r  th e  rem a in in g  ewes 
was 8 2 .9 /  w ith  a  ran g e  o f  v a lu e s  7 t o  139 g/lOO kg DM (Mean = 44)»
Twelve days a f t e r  chang ing  p a s tu r e  43 g rab  sam ples w ere o b ta in e d jo f  i^diich 
6 had v e ry  low l e v e l s  o f  chrom ic oxi.de and th e s e  ewes w ere assum ed n o t  
to  be consum ing b lo c k . The CV f o r  th e  rem ain in g  37 ewes was 9 0 .0 /  w ith  a 
ra n g e  o f  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  o f  9 to  244 g/lOO kg DM 
(Mean =  6 0 ) .  T here w^ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een p lasm a 
magnesium and f a e c a l  chrom ic o x id e  c o n c e n t r a t io n s .
A f te r  b e in g  moved to  a  f r e s h  p a s tu r e  c o n ta in in g  am ple s p r i j ig  g ra ss^  
th e  ewes g iv e n  R u m ev ite -ty p e  b lo c k s  i n  T r i a l  V f a i l e d  to  consume any 
fe e d b lo c k  w h a tso e v e r . The mean p lasm a magnesium c o n c e n tr a t io n  rem ained  
c o n s ta n t  (1*77 and 1*79 mg/lOO ml)^when th e  sheep w ere b le d  b e fo re  and 
a f t e r  m oving. One ewe had a  v e ry  low  c o n c e n tr a t io n  o f  0 .5 8  mg/lOO ml 
a t  th e  p re -c h a n g e  b le e d in g  w hich s u r p r i s in g ly  in c r e a s e d  to  1 ,2 3  mg/lOO ml 
a f t e r  chang ing  p a s tu r e .
D is c u s s io n
As in  E xp ts  1 0 , 1 ,  1 0 , 2  and 1 0 . 3  no c l i n i c a l  c a s e s  o f  
hypom agnesaem ic t e t a n y  o c c u rre d  in  any o f  th e  e w e s $ ir r e s p e c t iv e  o f  
w h e th e r  housed  d u r in g  th e  iv in te r  and a b r u p t ly  changed to  p a s tu r e « o r  
o u tw in te re d .  In  f a c t ,  i n  o n ly  one in s ta n c e  was a p lasm a magnesium 
c o n c e n tr a t io n  o f  a p p r e c ia b ly  l e s s  th a n  1 , 0  mg/lOO ml m easu red . The 
lo w e s t mean p lasm a m agnesium  c o n c e n tr a t io n  f o r  a  g roup o f  ewes (1 .7 7  
mg/lOO m l) to c c u r re d  in  T r i a l  V ,w hich even th en  ex ceeded  th e  mean v a lu e  
(389 ew es) o f  1 ,6 8  mg/lOO ml m easured  by Hemingway and  R i tc h ie  ( l9 6 3 ) .  
T h e re fo re  th e r e  was n o t even  th e  s l i g h t e s t  i n d i c a t i o n  i n  any  o f  t h e  
t r i a l s  o f  r e a l  c r i t i c a l  need  f o r  su p p lem en ta ry  m agnesium ^W iich i s  
s u b s t a n t i a t e d  by th e  a b sen ce  o f  any c l i n i c a l  ca se  o f  hj'pom agnesaem ic 
t e t a n y  in  th e  sheep  f o r  th e  ex p e rim en t d e s c r ib e d  h e r e .
As m en tioned  in  Exjjt 1 0 ,3 , a g a in s t  an e x p e r im e n ta l ba.ckground
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tm e re  no c l i n i c a l  t e t a n y  o c c u r s j i t  i s  r a t h e r  d i f f i c u l t  to  m e a n in g fu lly  
e v a lu a te  m a g n esiu m -co n ta in in g  su p p lem en ts  fo r  sh e e p . A lso  in  th e  
t r i a l s  d e s c r ib e d  h ere^ n o  a l t e r n a t i v e  means o f  a d n n .n is te r in g  
supp].em entary  magnesium w ere in c lu d e d  and a  co m p ara tiv e  a s se s sm e n t o f  
fe e d b lo c k s  co u ld  n o t  be m ade. However, i t  can be re a s o n a b ly  assiuned 
t h a t  a  com plete  f a i l u r e  to  consiome a  supplem ent i s  i n d i c a t i v e  o f  a  g ro s s  
in a d eq u acy  o f  i t s  e f f e c t iv e n e s s  u n d e r th e  e x p e r im e n ta l c i rc u m s ta n c e s . 
A l t e r n a t iv e ly ,  th o s e  su p p lem en ts  consumed a t  a r e a s o n a b le  l e v e l  and 
show ing th e  lo w e s t in d i v id u a l  v a r i a t i o n  in  In ta k e  a r o  l i k e l y  to  be m ost 
s u i t a b l e  f o r  th e  m a jo r i ty  o f  s i t u a t i o n s .  T h e re fo re  some in d i c a t i o n  o f  
fe e d b lo c k  (m agnesiun ) supp lem en t e f f e c t iv e n e s s  can be a s s e s s e d  from, th e  
t r i a l s  d e s c r ib e d  h e r e .
In  T r i a l s  I I  and  V th e  com ple te  f a i l u r e  o f  th e  sheep  t o  consume 
R u m e v ite -ty p e  f e e d b lo c k s ? e i th e r  o f  an  e x p e r im e n ta l o r  no rm al p ro d u c tio n  
n a tu r e  s e v e r e ly  m i l i t a t e s  a g a i n s t  t h e i r  u se  a t  c r i t i c a l  tim e s  when 
hypom agnesaem ic t e t a n y  i s  l i k e l y  to  o c c u r .
In  T r i a l  I ,  when 3 C o lb o rn -ty p e  fe e d b lo c k s  d i f f e r i n g  o n ly  in  
m agnesiun  in c lu s io n  and  m agnesiun  so u rc e  w ere s im u lta n e o u s ly  g iv e n  to  
D o rse t Horn e w e s? th e re  was a  s l i g h t  b u t  n o t  s i g n i f i c a n t  p r e f e r e n c e  f o r  
t h e  b lo c k  c o n ta in in g  no m agnesium  f o r t i f i c a t i o n .  The mean d a i l y  in t a k e  
from  m agnesium  from  a l l  3 b lo c k s  ( 2 , 5  g M g/day) was g r e a t e r  th a n  T r i a l  
IV when th e  sheep  r e c e iv e d  ¥ 2 9 0 (7 6 ) ( 0 .7  g M G /head),bu t c o n s id e ra b ly  l e s s  
th a n  T r i a l  I I I  ( 5 .3  g M g/head) when C o lborn  b lo c k s  c o n ta in in g  MgO o n ly , 
a s  a  magnesium so u rc e  w ere g iv e n .  In  T r i a l s  I I I  and IV a  v a ry in g  
p r o p o r t io n  (lO  to  2 0 /)  o f  th e  ewes sam pled w ere n o t  consum ing b lo c k .
In  T r i a l  I  th e  low  number o f  sheep  ( l 2 )  may have been somewhat in a d e q u a te  
and  i t  i s  l i k e l y  t h a t  i f  a  l a r g e r  group w ere used , a  p r o p o r t io n  w ould 
a l s o  r e f u s e  t o  consume b lo c k . Of th e  ewes a p p a r e n t ly  consum ing b lo c k  
th e r e  was v e ry  c o n s id e r a b le  v a r i a t i o n  in  in d iv id u a l  in ta k e ,  c h a r a c te r i s e d  
by a  many fo ld , ( l 6  to  4 0 ) d i f f e r e n c e  i n  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n ,
255.
T here w ere a l s o  c o n s id e ra b le  i n t e r - d a y  f l u c t u a t i o n s  in  t o t a l  group 
in t a k e  o f  fe e d b lo c k  (m agnesium ) w hich in  a  c r i t i c a l  s i t u a t i o n  c o u ld  
o n ly  have been  d e t r im e n ta l  t o  th e  sh e e p .
Of th e  f iv e  t r i a l s  r e p o r te d  h e r e , t h e  m ost e f f e c t i v e  s i t u a t i o n  i n  
te rm s  o f  p r o p o r t io n  o f  sheep  consum ing th e  fe e d b lo c k  and mean magnesium 
in ta k e  o c c u rre d  d u r in g  T r i a l  I I I ,  when th e  ewes had c o n tin u o u s ly  re c e iv e d  
a C o lb o rn - ty p e  fe e d b lo c k  c o n ta in in g  MgO f o r  s e v e r a l  w eeks, F e e d b lo c k / 
magnesium in ta k e  was m a in ta in e d  a t  a  r e l a t i v e l y  h ig h  mean l e v e l  ( 5 , 3  g 
M g/head) a s  th e  g r a s s  g r a d u a l ly  became a v a i l a b l e  to  th e  sh e e p . Even i n  
t h i s  s i t u a t i o n  some ewes w ere a p p a r e n t ly  n o t  consum ing th e  b lo c k .
The ¥ 290 ( 7 6 ) f e e d b lo c k  u sed  in  T r i a l  IV had a  low  m agnesium  c o n te n t 
(12  g ¥ig/kg B lock  DM)?but was consuned  a t  a r e l a t i v e l y  h ig h  l e v e l  b o th  
b e fo re  and a f t e r  o f f e r in g  b e t t e r  q u a l i t y  g r a z in g .  A lso th e  p r o p o r t io n  
r e f u s in g  to  consume th e  b lo c k  6 days a f t e r  changeover ( 3 / )  was low .
The r e s u l t s  'Of th e s e  t r i a l s  and  th e  p re v io u s  e x p e riraen ts  w ith  
sheep  u s in g  fe e d b lo c k s  a s  nagnesiu ra  c a r r i e r s  d u r in g  th e  c r i t i c a l  s p r in g  
p e r io d  re -e m p h a s is e  c l e a r l y  th e  im p re c is e  n a tu re  (S e c t io n  l )  o f  
fe e d b lo c k  su p p le m e n ta tio n  r e l a t i v e  t o  tro u g h  g iv en  n u t r i e n t s .  ¥hen 
' s e l f - h e l p '  sy stem s a r e  em ployed to  p ro v id e  magnesium to  h e lp  p re v e n t  
hypom agnesaem ia ? th e y  s u f f e r  from  a n o th e r  im p o r ta n t d isadvan tage^ , a p a r t  
from  th o s e  p r e v io u s ly  d e s c r ib e d .  The s to c k fe e d e r  has no means o f  
i d e n t i f y i n g  p r a c t i c a l l y  th o s e  in d iv id u a l s  n o t consum ing th e  supp lem en t, 
w h ile  vdLth su p p lem en ta ry  magnesium g iv e n  in  c o n c e n tr a te s  i n  t r o u g h s ,
*s h y - f e e d e r s ' "can be e a s i l y  i d e n t i f i e d  and g iv e n  s p e c i a l  m anagem ent.
T h is  may ta k e  th e  form  o f  i n t e n s iv e  o b s e rv a t io n s  d u rin g  th e  c r i t i c a l  
p e r io d s  a n d /o r  a l t e r n a t i v e  p r e c a u t io n s  may be ta k e n  su ch  a s  th e  
- a d m in is t r a t io n  o f  m ag n esiu m -co n ta in in g  rumen b u l l e t s .
Even u n d e r th e  m ost f a v o u ra b le  c o n d i t io n s  i t  i s  d i f f i c u l t  to  
v i s u a l i s e  a  s i t u a t i o n  w here s u p p le m e n t- ty p e  fe e d b lo c k s  can be even 
p a r t l y  s u c c e s s f u l  a s  magnésium  c a r r i e r s  fo r  sh e e p p d u rin g  th e  c r i t i c a l
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s p r in g  p e r i o d , i f  ab u n d an t h ig h  q u a l i t y  g ra s s  i s  a v a i l a b l e .  The more 
p a l a t a b l e  s u b s t i t u t e - t y p e  fe e d b lo c k s  may be u s e f u l  so u rc e s  o f  magnesium 
to  sheep  in  some s i tu a t io n s ^ b u t  t h e i r  r e l i a b i l i t y  m ust be open to  
q u e s t io n  u n t i l  e v a lu a te d  e x te n s iv e ly  i n  s e n s i t i v e  s i t u a t i o n s 5w here 
c l i n i c a l  hypom agnesaem ic t e t a n y  i s  o c c u r r in g .
257.
The u se  o f  m agnesium .-containiiiG ; fe e d b lo c k s  f o r  th e  c o n t r o l  o f  
hypom agnesaem ia in  c a t t l e
The p r e v io u s ly  d e s c r ib e d  ex p e rim e n ts  where th e  e v a lu a t io n  o f  
fe e d b lo c k s  a s  magnesium c a r r i e r s  to  combat hypomagnesaemi.c t e t a n y  i n  
sheep  was a t te m p te d , em phasised  some s i g n i f i c a n t  l i m i t a t i o n s  w hich may 
e q u a l ly  a p p ly  t o  c a t t l e .  The d i f f i c u l t i e s  o f  s e n s ib ly  d e s ig n in g  
e x p e rim e n ts  w here hypom agnesaem ia i s  s tu d ie d  were a l s o  v e ry  a p p a re n t .
The s i t u a t i o n  how ever i s  somewhat s im p l i f i e d  i n  c a t t l e ^  b ecau se  o f  a 
m ore p r e c i s e  d e f i n i t i o n  o f  w hat c o n s t i t u t e s  a hypom agnesaem ic s t a t e ,  in  
te rm s o f  p lasm a magnesium c o n c e n t r a t io n .  I t  i s  g e n e r a l ly  c o n s id e re d  
t h a t  th e  norm al ran g e  f o r  c a t t l e  i s  from  2 ,0  to  3 .5  mg Mg/lOO m l.
T here  i s  s t i l l  n e v e r th e le s s  a g r e a t  d e a l  o f  c o n tro v e rsy ^  
co n c e rn in g  th e  recommended q u a n t i ty  o f  magnesium r e q u ir e d  to  p re v e n t  
c l i n i c a l  t e t a n y .  The recommended p r o p h y la c t ic  dose f o r  c a t t l e  i s  
56 g (2  o z s )  o f  c a lc in e d  m a g n e s ite /d a y  (a b o u t 30 g Mg, a s  MgO i s  
g e n e r a l ly  8 7 /  p u r e ) .  The magnesium re q u ire m e n t fo r  l a c t a t i n g  cows (ARC 
1965 ) g iv in g  10 kg o f  m ille /day i s  a b o u t 19 g Mg/day, assum ing  an 
a v a i l a b i l i t y  o f  th e  m agnesium  i n  th e  d i e t  o f  2 0 / ,  As v /ith  sheep  i t  i s  
l i k e l y  t h a t  i n  th e  p r e v e n t io n  o f  hypom agnesaem ic t e t a n y  th e  p a t t e r n  o f  
magnesium in t a k e  i s  m ore im p o r ta n t  th a n  a b s o lu te  amount g iv e n .  A sm a ll 
q u a n t i ty  o f  magnesium in g e s te d  f r e q u e n t ly ,  a s  i s  p o s s ib le  v d th  ' s e l f -  
h e l p ' sy stem s may be b e t t e r  th a n  a  l a r g e r  q u a n t i ty  in g e s te d  o n ly  o n c e /  
d ay .
Two e x p e rim e n ts  w ere c a r r i e d  o u t  in  s u c c e s s iv e  y e a r s  v d th  l a c t a t i n g  
s u c k le r  covfSywith th e  i n t e n t i o n  o f  e v a lu a t in g  d i f f e r e n t  fe e d b lo c k  ty p e s  
a s  m agnesium  c a r r i e r s ,d u r i n g  th e  c r i t i c a l  s p r in g  p o s t - tu r n o u t  p e r io d .
A c o m p ara tiv e  a s se s sm e n t o f  fe e d b lo c k  e f f e c t iv e n e s s  was c a r r i e d  o u t i n  
one y e a r  by g iv in g  h a l f  th e  cows magnesium in  c o n c e n tr a te s  fo rm , 
o f f e r e d  i n  t r o u g h s .
1 1 , 1  T he  e f f e c t i v e n e s s  o f  R u m e v i t e - t y p e  f e e d b l o c k s  c o n t a i n i ng  c i t h e r  
ma g n e s iu m  o x i d e  o r  m a g n e s iu m  p h o s p h a t e  a s  a  p r o p h y l a c t i c  a g a i n s t  
h y p o m a g n e s a e m i a . i n  s u c k l e r  cows t r a n s f e r r e d  a b r u n t l y  t o  g r a z i n g
In  many in s ta n c e s  fe e d b lo c k s  a r e  em ployed s p e c i f i c a l l y  a s  magnesium 
c a r r i e r s  to  a id  in  th e  p r e v e n t io n  o f  hypomagnesaemia. in  c a t t l e .  One 
such  s i t u a t i o n  vdiere th e y  may be u sed  i s  d u r in g  th e  c r i t i c a l  p o s t - tu r n o u t  
p e r io d  in  th e  sp rin g /w h en  l a c t a t i n g  d a i r y  o r  b e e f  cows undergo  a 
fu n d am en ta l change i n  d i e t  from  t h a t  g iv e n  o v e r th e  w in te r .
I t  was t h e  i n t e n t i o n  o f  th e  p r e s e n t  and th e  su c c e e d in g  e x p e rim en t 
to  a s s e s s  th e  e f f e c t iv e n e s s  o f  fe e d b lo c k s  c o n ta in in g  magnesium i n  t h i s  
r o l e .
M a te r ia ls  and M ethods
The ex p erim en t to o k  p la c e  i n  M ay/June 1975 <> Twenty fo u r  b e e f -  
ty p e  s u c k le r  cows^'^vith c a lv e s  aged  6 to  8 w eeks?had r e c e iv e d  a  d i e t  
c o n s i s t i n g  o f  3 kg b a r le y  + u re a /h e a d  w ith  ad  l i b i tu m  o a t  s t r a w ,o v e r  
th e  ‘v d n te r  p e r io d .  About 2 weeks a f t e r  c a lv in g  th e  cows w ere 
a d d i t i o n a l l y  g iv e n  RHE fe e d b lo c k s  (4 9 .2  g Mg/kg DM), th e  consum ption  o f  
w hich in c r e a s e d  r a p id l y  o v e r  a b o u t a week t o  a  mean in ta k e  o f  ab o u t 
500 g D M /head/day. The o a t  s tr a w  was th e n  red u ce d  and th e  cows g iv en  
ad l i b i t u m  s i l a g e  p lu s  fe e d b lo c k s  (RHE) and c o n c e n tr a te s  u n t i l  th e  cows 
w ere t r a n s f e r r e d  to  g r a s s .  The v o lu n ta ry  in ta k e  o f  b lo c k  o v e r t h i s  p e r io d  
^was m a in ta in e d  a t  a b o u t 4OO to  500 g D M /head/day.
Two a d ja p e n t  f i e l d s  o f  p erm anen t p a s tu r e  (A, 4 .0  ha and B, 2 .8  h a) 
w ith  a c e n t r a l  h o ld in g  pen  w ere u sed  f o r  t h e  e x p e rim e n t. Each had been  
g iv e n  90  k g /h a  n i t r o g e n  a s  ammonium n i t r a t e  and th e  h e rb ag e  was grow ing 
r a p id l y .  I n  a  p re v io u s  y e a r  (1973) 3 c l i n i c a l  o a se s  p f  hypom agnesaem ic 
t e t a n y  had o c c u rre d  i n  a group o f  1 5 ,o f  v i r t u a l l y  th e  same cows i n  th e s e  
f i e l d s  and th e  g iv in g  o f  53 g m agnesium  p h o sp h a te  ( MgP) /d a y  i n  1 kg 
b a r le y  to  a n o th e r  group o f  cows had m a in ta in e d  p lasm a nagnesium
2 5 9 .
c o n c e n t r â t ! o n .
In  th e  p r e s e n t  e x p e rim en t th e  cows v/ere d iv id e d  in t o  2 g ro u p s o f 
12 and w ere tu rn e d  o u t to  f i e l d s  on 20 May, One group o f  cows was g iv e n  
an  e x p e r im e n ta l R um evite-t^p ie fe e d b lo c k  ( 50 , 5  g Mg, 9 . 6  g 1?2 g NaCl 
and 7*83 g chrom ic o x id e /k g  DM) c o n ta in in g  im gnesium  p h o sp h a te  (200 g Mg 
and 185 g P /k g ) (R-M gp), The seco n d  group o f cows was g iv en  RS 
fe e d b lo c k  o f  s i m i l a r  c o m p o sitio n  to  T ab le  1 (1 7 .8  g Mg^  l69  g NaCl; 3 .2 3  
g chrom ic o x id e /k g  DM), I n i t i a l l y  th e  b lo c k s  were p la c e d  i n  th e  
p u r p o s e - b u i l t  Rum evite c o n ta in e r s .  The b lo c k s  w ere w eighed  d a i l y .
The cow g roups w ere a l t e r n a t e d  from  f i e l d  to  f i e l d  ev e ry  2 o r  3 
days to  n d n im ise  th e  d i f f e r e n c e s  i n  e n c lo s u re  s i z e  and h erb ag e  betw een 
th e  two f i e l d s .
The cows w ere b le d  ( f o r  p la sm a magnesium d e te rm in a t io n )  p r i o r  to  
and 2 , 3 1 j 46, 50 and 56 days p o s t - t u r n o u t .  R e c ta l  g rab  sam ples ( f o r  
ch rom ic o x id e  d e te rm in a t io n )  w ere o b ta in e d  31 , 4 6 , ’ 50 and 56 days p o s t ­
t u r n o u t .
R e s u l ts
The w e a th e r vm.s v e ry  d ry  th ro u g h o u t th e  c i t i c a l  tu r n o u t  p e r io d .  
(T h ere  was no m e a su ra b le  r a i n f a l l  a f t e r  tu r n o u t  u n t i l  1 Ju n e ) and d u r in g  
th e  e x p e r im e n ta l p e r io d  i n  g e n e r a l .  No c l i n i c a l  c a se s  o f  hypom agnesaem ic 
t e t a n y  o c c u r re d .
Both g roups o f  s u c k le r  cows r e fu s e d  to  consume t h e i r  r e s p e c t iv e  
su p p lem en ts  in , m e a su ra b le  q u a n t i t i e s  th ro u g h o u t th e  c r i t i c a l  3 -w eek 
p e r io d  im m ed ia te ly  p o s t - t u r n o u t .  S e v e ra l  means w ere t r i e d  i n  an 
a t te m p t  to  i n t e r e s t  th e  cows i n  th e  b lo c k s .  These in c lu d e d  moving th e  
b lo c k s  c lo s e  to  t h e  w a te r  t r o u g h s ,  rem oving them  from  th e  c o n ta in e r s  
and s p la s h in g  w a te r  o v e r  them . However i t  was n o t  u n t i l  m ost o f  th e  
f lu s h  o f  g r a s s  had been consumed t h a t  th e  cows s t a r t e d  to  consume th e  
b lo c k s .
2o0,
The mean d a i ly  in ta k e s  o f  t h e  R-MgP and RS fe e d b lo c k s  from  a b o u t 
10 June  to  17 J u ly  (38 d a y s )  w ere 388 1' 50 (20 g Mg) and  285 + 30 
(5*1 g Mg) g D M /h e a d ,re s p e c tiv e ly . The d i f f e r e n c e  i n  mean in t a k e s  was 
n o t  s i g n i f i c a n t .
F ig  23 i n d i c a t e s  th e  mean d a i l y  in ta k e  m easured  fo r  b o th  ty p e s  o f  
fe e d b lo c k  (on a 3 -d a y  r o l l i n g  mean b a s i s )  from  10 June  when th e  cows 
s t a r t e d  to  consume th e  b lo c k s  to  J u ly  l 6 .  T here was a  p r o g r e s s iv e  
i n c r e a s e  i n  in t a k e  th ro u g h o u t t h i s  p e r io d  a s  th e  a v a i l a b l e  g r a s s  
d e c re a s e d .  On June  9 th e r e  was th e  f i r s t  r a i n f a l l  (21 mm) s in c e  
t r a n s f e r  to  g r a s s  and t h i s  d id  n o t seem to  a f f e c t  i n t a k e .  R a in  feJJ. 
a g a in  on l 6 ,  17 , 18, 19 and 20 June (v iith  17 nim on 17 Ju n e ) and t h i s  
seemed to  g iv e  a  te m p o ra ry  in c r e a s e  from  a b o u t 110 to  220 g fe e d b lo c k  
DM/day, T h e r e a f te r  no r a i n  f e l l  u n t i l  th e  p e r io d  9 to  16 J u ly ,  I t  w ould 
be  d i f f i c u l t  to  co n c lu d e  t h a t  t h i s  r a i n  f u r t h e r  in c r e a s e d  b lo c k  in t a k e  
from  th e  420 g DM/day l e v e l  i t  had re a c h e d , a s  th e  t r e n d  to w ard s  in c r e a s e d  
consum ption  was n o t  ch an g ed . E v e n tu a l ly  b lo c k  consum ption  re a c h e d  a b o u t 
600 g DM/day b u t by t h a t  s ta g e  l i t t l e  g ra s s  rem ain ed  and th e  cows had to  
be rem oved from  th e  p a s t u r e .
The mean p lasm a m agnesium  and f a e c a l  chrom ic oxi.de c o n c e n tr a t io n s  a t  
th e  v a r io u s  sam p lin g  p e r io d s  a r e  g iv e n  i n  T ab le  3 6 .
The lo w e s t p lasm a magnesium c o n c e n tr a t io n  was 1 ,1 3  mg/lOO ml f o r  
an i n d i v id u a l  cow (2  days p o s t - t u r n o u t ) .  T here  was a  c o n s i s t e n t  b u t 
n o t  s i g n i f i c a n t  d e c re a s e  i n  mean p lasm a magnesium c o n c e n tr a t io n s  f o r  
b o th  g ro u p s o f  cows a t  th e  sam p lin g  2 days p o s t - t u r n o u t .  By 31 days 
p o s t - tu r n o u t  th e  mean p lasm a m agnesium  (2 .0 4  and 1 ,9 6  mg/lOQ m l) had 
s i g n i f i c a n t l y  exceeded  ( P < 0 .0 1  and  P < 0 .0 5 )  th e  p r e - tu r n o u t  
c o n c e n tr a t io n s  (1 .7 2  and 1 .7 0 )  mg/lOO ml f o r  th e  cows g iv e n  R~MgP and 
RS feed b lo ck sjj r e s p e c t i v e l y , The p lasm a iragne slum  c o n c e n t r a t io n s  w ere 
a p p ro x im a te ly  m a in ta in e d  a t  th e s e  l e v e l s  f o r  th e  re m a in in g  sam p lin g  
p e r io d s .  At th e  46 and  50 p o s t - tu r n o u t  sam p lin g s th e  mean p lasm a
F i g , 23 E xpt 1 1 .1  Mean d a i ly  fe e d b lo c k  in t a k e  (g  D M /head/day) f o r  
e i t h e r  R~MgP o r  RS fe e d b lo c k s  g iv en  to  two g roups o f  l a c t a t i n g  
s u c k le r  cows a t  s p r in g  g r a s s .  The d a te  o f  tu r n o u t  was 20 liay 1975 
and th e r e  was no b lo c k  consum ption d u r in g  th e  i n i t i a l  20 days a t  
g r a z in g .
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magnesitam c o n c e n tr a t io n  f o r  th e  cov/s g iv e n  th e  R-MgP fe e d b lo c k  w ere 
s i g n i f i c a n t l y  (P < 0 * 0 5 )  g r e a t e r  th a n  fo r  th e  cows g iv e n  RS fe e d b lo c k .
T ab le  36 E xot 11 ,1  Mean (±  SE) plasma, ma.gnesium  (m g /lOO m l) an d  f a e c a l  
chrom ic o x id e  c o n c e n tr a t io n s  (Range and GY%) f o r  l a c t a t in g  b e e f  c a t t l e  a t
P lasm a magnesiimi rng/lOO ml F a e c a l chrom ic o x id e  g/lOO kg DM
R-MgP RS
Mean
R-MgP
Range CV^ Mean
RS
Range CV^
P r e - tu r n o u t 1 . 72+0 .0 4 1 . 70+0 .0 6
P o s t - tu r n o u t
(d a y s )
2 1 , 64+0 .0 5 1 ,5 4 + 0 .0 6
31 2 , 04+0 .09 1 ,9 6 + 0 .1 0 18 1 - 48 9 2 .7 10"^ 0 —  28 1 1 5 .0
46 2 . 07+0 .0 6 1 .8 8 ± 0 ,0 6 * 55 4-192 9 0 .1 13 3 —  41 8 8 .2
50 2 , 05+0 .03 1 . 86+0 . 0 7 “ 51 6-161 9 5 .0 37 10 —  93 6 8 .0
56 1 ,9 8 + 0 .0 5 1 , 91+0 .0 7 138 77-284 3 8 .4 44 4 —  93 7 5 .6
+.in c lu d e s  2 cows w ith  no m e asu ra b le  q u a n t i ty  o f  chrom ic o x id e  i n  th e  fa e c e s .
The c o n c e n tr a t io n  o f  chrom ic o x id e  in  th e  f a e c e s  o f  th e  cows a f t e r  
th e y  e v e n tu a l ly  s t a r t e d  to  consume fe e d b lo c k s  was h ig h ly  v a r i a b le  (CV 
3 Ô t o  115^ ) .  A b so lu te  c o n c e n tr a t io n s  in c r e a s e d  i n  p a r a l l e l  iv ith  mean 
fe e d b lo c k  i n t a k e ,w h i l s t  in d i v id u a l  v a r i a t i o n  g e n e r a l ly  d e c re a se d  a s  
fe e d b lo c k  in t a k e  in c r e a s e d .  At th e  i n i t i a l  sam p lin g  f o r  th e  cows g iv e n  
RS f e e d b lo c k ,2 in d iv id u a l s  had  no m e asu ra b le  chrom ic o x id e  i n  th e  f a e c e s .
T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een in d i v id u a l  f a e c a l  
chrom ic o x id e  and p lasm a ms.gneslum c o n c e n t r a t io n s .
>62,
D is c u s s io n
The r e s u l t s  o f  th e  p r e s e n t  ex p erim en t a g re e d  w ith  th o s e  o f  E xpt 
1 0 .4 ; when s i r r d la r  su p p le m e n t- ty p e  fe e d b lo c k s  (R um evite S p rin g  B lock 
RHE and R-MgP) w ere g iv e n  to  l a c t a t i n g  e w e s jin  a d d i t io n  to  am ple h ig h  
q u a l i t y  s p r in g  g r a s s .  For b o th  c a t t l e  and sheep th e r e  was a t o t a l  
r e f u s a l  to  consume th e  m ag n esiu m -co n ta in in g  fe e d b lo c k s  d u r in g  th e  
c r i t i c a l  p o s t - tu r n o u t  p e r io d  o r  u n d e r o th e r  e q u j.v a le n t c irc u m s ta n c e s  
when ad l ib i tu m  h ig h  q u a l i t y  g r a s s  was a v a i l a b l e .  A lthough  i t  w ould be 
dan g ero u s to  p la c e  to o  much c o n fid e n c e  i n  th e  r e s u l t s  o f  t h i s  t r i a l  ( th e  
w e a th e r  c o n d i t io n s  may have been  e x c e p t io n a l ly  diry) and th o s e  w ith  
l a c t a t i n g  ewes (E xp t 1 0 . 4 ) , th e  f a i l u r e  to  consume s u p p le m e n t- tj’p e  
fe e d b lo c k s  when o th e r  more p a l a t a b l e  n u t r i e n t s  a r e  a v a i l a b l e  i s  
c o n s i s t e n t  iv ith  P a r t  A (E xp t 8 .2 )  o f  t h i s  s e c t io n  and  s e v e re  in d ic tm e n t 
a s  to  th e  s u i t a b i l i t y  o f  such  f e e d b lo c k s ,a s  magnesium c a r r i e r s  d u r in g  
th e  c r i t i c a l  p o s t - tu r n o u t  p e r io d .  In  Expt 8 .2  when sheep  w ere g iv en  ad 
l i b i tu m  d r ie d  g r a s s  cubes u n d er housed  c o n d i t io n s ,  a m arked r e d u c t io n  
i n  th e  consum ption  o f  RS fe e d b lo c k  o c c u rre d  compared to  when b a r le y  
s tra w  o r  hay was g iv e n .
W ith su p p lem en t“ty p e  fe e d b lo c k s , s im i la r  to  th o s e  u sed  i n  th e  
p r e s e n t  e x p e r im e n t , i t  a p p e a rs  to  be o f  l i t t l e  consequence w hat ty p e  o f  
magnesium i s  in c lu d e d  in  th e  b lo c k s  due to  th e  overw helm ing 
u n p a l a t a b i l i t y  o f  o th e r  b lo c k  in g r e d i e n t s  and th e  u n a c c e p ta b i l i t y  o f  th e  
b lo c k  in  g e n e ra l,w h e n  s p r in g  g r a s s  i s  a b u n d a n tly  a v a i l a b l e .  When th e  
cows e v e n tu a l ly  s t a r t e d  to  consume th e  fe e d b lo c k s  g iv e n  (lO  June o r  
th e r e a b o u ts )  a f t e r  m ost o f  th e  g r a s s  had  been consumed, th e  h ig h e r  mean 
in t a k e  (36^  and 300^  more DM and M g ,re s p e c t iv e ly )  o f  fe e d b lo c k  was 
re c o rd e d  f o r  th e  R-MgP b lo c k .  I t  was u n l ik e ly  t h a t  t h i s  d i f f e r e n c e  
w ould be s o le l y  due to  th e  p a l a t a b i l i t y  o f  th e  d i f f e r e n t  magnesium 
so u rc e s  i n  th e  b lo c k ,b u t  p ro b a b ly  a f f e c t e d  d i f f e r e n c e  i n  fe e d b lo c k  
h a rd n e s s  ( th e  NaCl in c lu s io n s  w ere a p p ro x im a te ly  s im i.la r  f o r  bo th  b lo c k
263.
t y p e s ) .
As w ith  th e  sheep  ex p e rim en ts  con ce rn ed  w ith  hypom agnesaem ia, no 
c l i n i c a l  c a se s  o f  t e t a n y  o c c u r re d .  The c a t t l e  w ere s l i g h t l y  
hyi^omagnesaemic even b e fo re  tu rn io u t ( l . ? 0  mg Mg/lOO m l) and th e  su b se q u e n t 
d e c l in e  in  p lasm a ms.gnesium was s l i .g h t  (2  days p o s t - t u r n o u t ) .  The 
d e c l in e  i n  p lasm a m agnesium  c o n c e n tr a t io n s  may have been g r e a t e r  i f  
f u r t h e r  b lood  sam ples a t  f o r  exam ple 7 and 14 days p o s t - tu r n o u t  had been  
o b ta in e d .  R i t c h ie  and  F ish w ick  (1977 ) r e p o r te d  th e  d e t a i l s  o f p lasm a 
m agnesium  c o n c e n tr a t io n s  f o r  76 ( d a i r y  and b e e f )  cows p r i o r  to  tu r n o u t  
to  s p r in g  g r a s s .  The mean p lasm a Mg was 2 «20 + 0*03 mg/lOO m l,w hich  was 
s i g n i f i c a n t l y  ( P < 0 .0 0 1 )  g r e a t e r  th a n  th e  p r e - tu r n o u t  v a lu e s  in  th e  
p r e s e n t  s tu d y .  A lso  in  t h e i r  r e p o r t  ( R i tc ld e  and F ish w ick  1 9 7 7 ) ,two 
s im i l a r  b e e f - ty p e  cows on th e  same f i e l d s  ( l9 7 3 )  d ev e lo p ed  c l i n i c a l  
s ig n s  o f  t e ta n y  c h a r a c te r i s e d  by p lasm a Mg c o n c e n tr a t io n s  o f  0 .2 ?  and 
0 .3 2  mg/lOO m l.
The e v e n tu a l ly  h ig h e r  mean in t a k e  o f  magnesium from  th e  H-MgP 
f e e d b lo c k 5th a n  f o r  th e  RS fe e d b lo c k  was r e f l e c t e d  by th e  c o n s i s t e n t ly  
h ig h e r  p lasm a magnesium c o n c e n t r a t io n s ^ f o r  th e  cows g iv e n  th e  fo rm er 
b lo c k . T h is  i n d i c a t e s  t h a t  th e  g iv in g  o f  su p p lem en ta ry  magnesium a s  
MgP cou ld  be e f f e c t i v e  i n  r a i s i n g  p lasm a magnesium s t a t u s . ' U n fo r tu n a te ly ,  
th e  g e n e r a l  u n p a l a t a b i l i t y  and t o t a l  u n a c c e p ta b i l i t y  o f  th e  fe e d b lo c k s  
u s e d , r e l a t i v e  to  s p r in g  g ra z in g , n e g a te d  any e f f e c t  o f  e i t h e r  MgO o r  MgP 
on m agnesium  s t a t u s  d u r in g  th e  c r i t i c a l  p o s t - tu r n o u t  p e r io d .  I t  may be 
t h a t  th e  s u b s t i t b t e - t y p e  fe e d b lo c k s  ( e . g .  W290(76) and C o lb o rn - ty p e  
b lo c k s )  a re  more s u i t a b l e  a s  c a r r i e r s  o f  nagnesium  compounds d u r in g  
th e  s p r in g ,  a s  th e y  a r e  more p a l a t a b l e  and a llo w  a h ig h e r  in ta k e  
p o t e n t i a l  b e fo re  c o n s t r a i n t s  in h e r e n t  i n  th e  b lo c k  l i m i t  i n t a k e .
2 6 4.'
Ex.pt 11 o2 A co m p ara tiv e  a s se s sm e n t o f  a. C olborn  e x p e r im e n ta l f ee d b lock 
and c o n c e n tra te s ,  b o th co n ta in in g ; magnesium p h o sp h a te  to  con t r o l  
hypom agnesaeipja in  c a t t l e  when t r a n s f e r r e d  to  g r a s s
In  E xpt 11 .1  s u c k le r  cows c o m p le te ly  r e fu s e d  to  consume su p p lem en t- 
ty p e  fe e d b lo c k s  (R um evite) a f t e r  b e in g  tu rn e d  o u t to  lu s h  s p r in g  g r a s s .
I t  was n o t  u n t i l  mid June when g ra s s  q u a l i t y  and q u a n t i ty  d e c re a se d  t h a t  
fe e d b lo c k  consum ption  commenced a p p r e c ia b ly .  The p o s s ib le  re a s o n s  f o r  
t h i s  r e j e c t i o n  o f  th e  b lo c k  d u r in g  th e  c r i t i c a l  p e r io d  w ere d is c u s s e d ,  
in c lu d in g  a  s p e c i f i c  a v e r s io n  to  th e  ty p e  o f  fe e d b lo c k  u ssd^w hich  may 
n o t be common to  more p a l a t a b l e  b lo c k  ty p e s .  T h e re fo re  i n  E xpt 1 1 .2  a 
C o lb o m “ty p e  's o f t*  e x p e r im e n ta l fe e d b lo c k  c o n ta in in g  magnesium 
p h o sp h a te  (C -  MgP) ( su p p o se d ly  more p a l a t a b l e  th a n  magnesium o x id e  
in s t e a d  o f  R um evite b lo c k s  was g iv e n .
A co m p ara tiv e  a s se s sm e n t o f  th e  s u i t a b i l i t y  o f  t h i s  fe e d b lo c k
was made a g a in s t  a  c o n c e n tr a te  p e l l e t  c o n ta in in g  MgP from  th e  same
so u rc e  g iv e n  in  t ro u g h s .
M a te r ia ls  and Methods
The e x p e rim en t was c a r r i e d  o u t d u r in g  s p r in g  1976 u s in g  th e  same 
cows and f i e l d s  a s  d e s c r ib e d  i n  Expt 1 1 .1 . Twenty one l a c t a t i n g  b e e f  
cows (c a lv e d  ab o u t 4 to  8 w eeks) w ere d iv id e d  in to  2 g roups o f  11 and 10 
a n im a ls •
The cows had r e c e iv e d  a  d i e t  o f  o a t  s tra w  and a p p ro x im a te ly  2 kg 
o f  c o n c e n tr a te  d u r in g  th e  w in te r  p e r io d ;e x c e p t  f o r  th e  2-week p e r io d  
p r i o r  to  tu r n o u t  viien g r a s s  s i l a g e  and C -  MgP fe e d b lo c k s  ( 3 9 .S g Mg, 
2 3 .0  g P , /k g  dm) c o n ta in in g  no chrom ic o x ide  w ere a d d i t i o n a l l y  made 
a v a i l a b l e .
On 14 May th e  cows w ere tu rn e d  o u t to  g r a z in g .  One group o f
cows wa.s g iv e n  a c c e s s  to  f i e l d  A ( 4 .0  h a ) and g iv e n  a G -  MgP
fe e d b lo c k  (w ith o u t a c o n ta in e r )  c o n ta in in g  8 .6 ?  g chrom ic o x id e /k g  DM.
263.
The in t a k e  o f  th e  b lo c k  was m o n ito re d  by d a i l y  w e ig h in g  and re p la c e d  
when l e s s  th a n  th e  p ro c e e d in g  days in t e k e  rem a in ed . The second  group o f 
cows was tu rn e d  o u t in t o  f i e l d  B ( 2 .8  h a )  and g iv en  a  c o n s ta n t  d a i ly  
a l l o c a t i o n  o f  425  g DM/head (12  g Mg) o f a  c o n c e n tr a te  p e l l e t / l 2 0  g CP, 
2 8 c l g Mg, 2 3 .6  g P and 10 .3  g chrom ic o x id e  (kg  DM), c o n ta in in g  MgP from  
a  s im i la r  so u rc e  a s  th e  C -  MgP b lo c k s .  The c o n c e n tr a te  was g iv e n  in  
tro u g h s  once d a i ly ;w i th  a sp ace  a llo w a n c e  o f  180 cm /head (a ssu m in g  a c c e s s  
from  b o th  s id e s  to  th e  t r o u g h ) .  The cows w ere a l t e r n a t e d  betw een th e  
f i e l d s  ev e ry  2 d a y s .
B lood sam ples ( f o r  Mg, Ca and P ) w ere o b ta in e d  b e fo re  tu r n o u t  
(Mg and P o n ly )  and 4 and 10 days p o s t - t u r n o u t .  R e c ta l  g rab  sam ples 
( f o r  chrom ic o x id e )  w ere o b ta in e d  4 and 10 days p o s t - t u r n o u t .  G rass 
sam ples ( f o r  Mg) w ere ta k e n  from  each  f i e l d  a t  t h e  tim e  o f  tu r n o u t  *
From 23 May to  7 Ji-ine a l l  21 cows w ere i n  one group and g iv e n  
a c c e s s  to  b o th  f i e l d s .  The g iv in g  o f  c o n c e n tr a te s  had been  d is c o n t in u e d  
on 25 J u n e . R e c ta l  g ra b  sam ples w ere o b ta in e d  on th e  7 June  (23 days 
p o s t - t u r n o u t ) .
On 8 June th e  e x p e r im e n ta l 's o f t *  C -  MgP fe e d b lo c k  was r e p la c e d  
w ith  th e  CO fe e d b lo c k  (T ab le  1 f o r  p ro x im a te  c o m p o s itio n )  c o n ta in in g
10 ,3  g chrom ic o x i d e / k g  DM, The mean d a i ly  in t a k e  was m o n ito re d  
u n t i l  15 J u ly ,  when b o th  th e  cows and c a lv e s  w ere r e c t a l l y  g ra b  sam p led .
R e s u l ts
No c lm i i c a l  c a se s  o f  hypom agnesaem ic t e t a n y  o c c u r re d .  D uring  th e  
i n i t i a l  11 days o f  th e  e x p e rim en t th e  mean d a i l y  te m p e ra tu re  was 11°G 
and some r a i n  f e l l  on 10 o f  th e  d a y s . Over th e  f i r s t  few days 2 cows 
c o m p le te ly  r e fu s e d  to  consume th e  c o n c e n t r a te s ;  s u b se q u e n tly  a l l  cows 
r e a d i l y  ap p ro ach ed  th e  tro u g h s  and a p p a re n t ly  consumed some c o n c e n t r a te .  
The d a i ly  fe e d b lo c k  in t a k e  re a c h e d  150 g DM/head a f t e r  2 days and th e  
mean in ta k e  o v e r  th e  11 -day  p e r io d  was 183 -  24  g /h e a d  (min 114, max 324 
g DM).
The magnesium and pho sp h o ru s  c o n te n ts  o f  th e  h e rb ag e  sam ples ta k e n  
from  f i e l d s  A and B w ere 2 .3  and 2 ,4  g Mg/kg and 3 .2  and 2 ,9  P /k g , 
r e s p e c t iv e l y .
When th e  cows w ere r e c t a l l y  g ra b  sam pled 4 days p o s t - tu r n o u t  
(T a b le  3 7 ), th e  2 cows w hich r e f u s e d  to  com pete a t  th e  tro u g h s  had no 
chrom ic o x id e  i n  t h e i r  f a e c e s .  The CV g iv en  in  th e  t a b l e  does n o t  
in c lu d e  th e s e  in d iv id u a l s  and i s  l e s s  th a n  th e  c o rre sp o n d in g  v a lu e  
(6 8 ,6 ^ )  f o r  th e  fe e d b lo c k  su p p lem en ted  cows. I f  th e  2 cows n o t
consum ing c o n c e n tr a te  a r e  in c lu d e d  i n  th e  a n a ly s i s  th e  CV i s  in c r e a s e d
to  70 ,4^)'w hich  exceeds t h e  v a lu e  f o r  th e  b lo c k  supp lem en ted  cows. One 
cow g iv e n  th e  fe e d b lo c k  had a  v e ry  low c o n c e n tr a t io n  ( <  10 g/lOO kg DM)
o f  chrom ic o x id e  a,t th e  4 -d ay  p o s t - tu r n o u t  sam p lin g .
When th e  cows w ere sam pled  10 days p o s t - tu r n o u t ,  2 cows g iv e n  th e  
fe e d b lo c k  had chrom ic o x id e  c o n c e n tr a t io n s  l e s s  th a n  6 g/lOO kg f a e c a l  
DM,compared to  no in d iv id u a l s  l e s s  th a n  27 g/lOO kg f a e c a l  DM f o r  th e  
c o n c e n tra te -su p p le m e n te d  g ro u p . The o v e r a l l  v a r i a t i o n  was a l s o  
c o n s id e ra b ly  l e s s  f o r  th e  c o n c e n tr a te  group (CV ~ 625?),th a n  f o r  th e  
fe e d b lo c k  group (CV =  9 7 . 2 / ) ,
The mean p lasm a Mg, Ca and P c o n c e n t r a t io n s  a r e  a l s o  g iv e n  in  T ab le 
3 7 . The p lasm a magnesium c o n c e n t r a t io n  (1 .9 2  mg/lOO m l) 4 days p o s t ­
tu r n o u t  was s i g n i f i c a n t l y  ( P < 0 .0 5 )  below  th e  p r e - tu r n o u t  l e v e l  (2 ,3 0  m g/ 
100 m l ) ; f o r  th e  c o n c e n tr a te  su p p lem en ted  cows o n ly . However p lasm a 
P c o n c e n tr a t io n s  d e c l in e d  s i g n i f i c a n t l y  ( P < 0 .0 1 )  f o r  b o th  g ro u p s  a f t e r  
tu r n o u t .  Ten days p o s t - tu r n o u t  th e  mean p lasm a Mg c o n c e n tr a t io n s  w ere 
s i m i l a r  to  th e  p r e - tu r n o u t  l e v e l s .  No ' in d iv id u a l  m agnesium  va.lues below  
a b o u t 1 .5  mg/lOO ml w ere r e c o rd e d .  T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  
betw een  any  o f  th e  b lo o d  p a ra m e te rs  and  f a e c a l  chrom ic o x id e  
c o n c e n t r a t io n s .
When a l l  th e  cows w ere g rouped  to g e th e r  (25 May 7 Ju n e )  and a l l  
g iv e n  th e  C -  MgP fe e d b lo c k , th e  mean f a e c a l  chrom ic o x id e  (120  g/lOO  kg DM)
267,
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f o r  th e  cows h av in g  23-d a y s  p re \r io iis  e x p e r ie n c e  o f  b lo c k  consim iption was 
tvd.ce th e  c o n c e n tr a t io n  ( 6 l  g/lOO kg DM) o f  the  cows v/ith  o n ly  11 days 
p re v io u s  e x p e r ie n c e  on b lo c k s .  T here  was no d i f f e r e n c e  how ever in  th e  
CV f o r  f a e c a l  chrom ic o x id e  ( ? 2 .6 ^  and 7 6 ,9 ^  fo r  th e  e x p e r ie n c e d  and 
l e s s  e x p e r ie n c e d  c o w s y re s p e c t iv e ly ) ,  The c l im a t ic  c o n d i t io n s  w ere 
g e n e r a l ly  th e  same as  b e f o r e .
When th e  cows w ere g iv e n th e  CO fe e d b lo c k  in s t e a d  o f th e  's o f t e r *
C -  MgP f e e d b lo c k ,th e  mean d a i ly  in t a k e  d e c re a se d  r a p id ly  from  a b o u t 
500 to  170 g DM/head, T h e r e a f te r  in t a k e  s lo w ly  in c re a s e d  to  a b o u t 630 g 
DM/head a s  h e rb ag e  a v a i l a b i l i t y  d e c re a se d  (by ab o u t 25 June th e  g ra s s  
was i n  v e ry  s h o r t  s u p p ly ) .  The mean d a i l y  in ta k e  o f  b o th  fe e d b lo c k s  
(3 -d a y  r o l l i n g  mean) i s  shown in  F ig  24 o v e r  th e  e x p e r im e n ta l p e r io d .  
T here  w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een r a i n f a l l  o r  mean d a i ly  
te m p e ra tu re  and fe e d b lo c k  i n t a k e .
Whenboth th e  cows and  c a lv e s  w ere r e c t a l l y  g rab  sam pled  on 15 Ju3y 
th e  mean chrom ic o:>d.de c o n c e n tr a t io n s  w ere 100 and  54 g/ÏOO kg f a e c a l  DM, 
r e s p e c t i v e l y  w ith  CV 8 6 ,7  and 1 9 2 ,9 /»  A ll  cows and c a lv e s  had some 
chrom ic o x id e  i n  t h e i r  f a e c e s .
D is c u s s io n
The s o f t  e x p e r im e n ta l  C -  MgP fe e d b lo c k  was consumed dui’in g  th e  
c r i t i c a l  p o s t - tu r n o u t  p e r io d ,^ a lb e i t  i n  sm a ll q u a n t i t i e s  and th e r e f o r e  
was f a r  more s u i t a b l e  i n  t h i s  r o l e  th a n  th e  r e j e c t e d  R-MgP o r  RS 
fe e d b lo c k s ,  '' ( iix p t 1 1 .1  ) ,  The mean in t a k e  o f  magnesium from  C -  MgP 
fe e d b lo c k  ranged  from  a  minimum o f  4 .5  to  a maximum o f  12 ,9  g /h e a d /d a y  
( o v e r a l l  mean o f  11 days =  7 .3  g M g/head) w hich i s  s t i l l  c o n s id e ra b ly  
below  th e  recommended p r o p h y la c t ic  dose  a g a in s t  c l i n i c a l  t e t a n y  (30  g Mg/ 
h e a d /d a y ) .  N e v e r th e le s s ,  th i .s  a d d i t i o n a l  magnesium w ould be v e ry  u s e f u l  
i n  s i t u a t i o n s  w here t e t a n y  was l i k e l y  to  o c c u r .
T here  was a p p r e c ia b ly  more r a i n f a l l  d u r in g  th e  11 days p o s t - tu r n o u t
F i g .24 E xpt 1 1 ,2  Mean d a i l y  in ta k e  (g  D M /head/day) o f  C o lbo rn - 
tjq:>e fe e d b lo c k s  c o n ta in in g  e i t h e r  MgP o r  MgO and g iv e n  t o  g roups 
o f  l a c t a t i n g  s u c k le r  cows a t  s p r in g  g r a s s .  The d a te  o f  tu r n o u t  
was 15 î-îay 1976,
O)
g -  8 § % ,
œ  O)
10
lO
S
10
LLl
z  
m 3
“D
:g
LO
269.
i n  th e  p r e s e n t  ex p erim en t th a n  o c c u rre d  in  E>cpt 11 ,1  y iA ich  ms,y  have p a r t l y  
s t im u la te d  th e  cows to  consume fe e d b lo c k . As in  llxp t 11 .1  i t  was n o t 
u n t i l  h e rb ag e  a v a i l a b i l i t y  d e c re a se d  i n  l a t e  June and J u ly  t h a t  fe e d b lo c k  
in ta k e  in c re a s e d  c o n s id e ra b ly .  T here was a s t r i k i n g  s i m i l a r i t y  betw een 
th e  mean d a i ly  in ta k e s  o f  th e  R~MgP fe e d b lo c k  (E^yst 1 1 . l )  and th e  OC 
fe e d b lo c k  (E xpt 1 1 .2 ) ? e x p re s se d  a s  3~day r o l l i n g  means o v e r an  e q u iv a le n t  
p e r io d  in  June and J u ly  in  d i f f e r e n t  summers. T h is in d i .c a te s  t h a t  a t  
g r a z in g ,  h e rb ag e  a v a i l a b i l i t y  i s  a  f a r  more im p o r ta n t f a c t o r  in f lu e n c in g  
a b s o lu te  fe e d b lo c k  in ta k e  th a n  c h a r a c t e r i s t i c s  in la e re n t i n  th e  b lo c k  
ty p e  o r  in t a k e  r e s t r i c t i o n  m echanism . N o tw ith s ta n d in g  t h i s , i t  ap p ea red  
in  th e  p r e s e n t  ex p erim en t t h a t  a  s u b s t i t u t e - t y p e  fe e d b lo c k  ( in  t h i s  c a se , 
th e  C olborn  ty p e )  i s  more l i k e l y  to  be consumed when h e rb ag e  i s  
a b u n d a n tly  a v a i l a b l e  th a n  th e  su p p le m e n t- ty p e  ( i . e .  R um evite) fe e d b lo c k s .
TVo o f  th e  cows g iv e n  c o n c e n tr a te s  were v e ry  slov; to  com pete a t  th e  
tro u g h s  and r e fu s e d ' th e  supp lem en t f o r  s e v e r a l  days d u r in g  th e  c r i t i c a l  
p o s t - tu r n o u t  p e r io d ,w h ic h  i s  c l e a r l y  u n d e s i r a b le .  One o f th e s e  cows had  
a  low p lasm a Mg c o n c e n tr a t io n  ( 1 .5  mg/lOO m l) when sam pled 4 days p o s t ­
tu r n o u t .  However, u n l ik e  th e  fe e d b lo c k  s i t u a t i o n  th e s e  ’ s h y - f e e d e r s , ’ 
co u ld  be e a s i l y  re c o g n ise d  and a l t e r n a t i v e  læ a su re s  ta k e n  to  a id  i n  th e  
p re v e n t io n  o f  t e ta n y  i f  n e c e ssa ry .. As in  many o th e r  ex p e rim en ts  i n  t h i s  
t h e s i s  th e r e  was more i n d i v id u a l  v a r i a t i o n  in  fe e d b lo c k  th a n  c o n c e n tr a te  
in ta k e ,  e x c e p t i n  th e  s i t u a t i o n  w here in d iv id u a l  cows c o m p le te ly  r e fu s e d  
th e  c o n c e n t r a te s .
T here  w ere a g a in  no c l i n i c a l  c a se s  o f  hypom agnesaem ic te ta n y ,  
a l th o u g h  s e v e r a l  o f  th e  cows m ig h t be c l a s s i f i e d  a s  m ild ly  
hypom agnesaem ic (assu m in g  t h a t  th e  n o rm al ran g e  in  p lasm a magnesium 
c o n c e n tr a t io n s  i s  2 ,0  to  3 -5  mg/lOO m l.). T here was a l s o  no p r e c ip i to u s  
d e c l in e  i n  mean p lasm a Mg p o s t - t u r n o u t .  The p r e - tu r n o u t  p lasm a Mg 
w ere s i g n i f i c a n t l y  (P <  0 ,0 0 1 )  g r e a t e r  i n  t h i s  ex p erim en t th a n  fo r  th e  
same cows d u r in g  th e  p ro c e e d in g  y e a r  (E xp t l l . l ) .  One anom aly o f  th e
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p r e s e n t  ex p erim en t was th e  s i g n i f i c a n t  d i f f e r e n c e  i n  mean p lasm a P 
c o n c e n tr a t io n  p r e  and p o s t - t u r n o u t .  T h is ap p ea red  to  be m a in ly  due to  
th e  h ig h  mean v a lu e s  p r e - tu r n o u t  ( 7 .6  mg/lOO m l) r e l a t i v e  to  th e  mean o f
5 ,3  mg P/lOO ml r e p o r te d  by R i tc h ie  and F ishw ick  (1 9 7 7 ) . A f te r  tu rn o u t  
th e  p lasm a P c o n c e n tr a t io n s  in  th e  p r e s e n t  ex p erim en t w ere s im i la r  to  
th o s e  o f  th e  fo rm er w o rk e rs .
The r e c t a l  g rab  sa rip le  ta k e n  when th e  c a lv e s  w ere ab o u t k m onths 
o ld  showed t h a t  th e y  w ere consum ing sm a ll and h ig h ly  v a r i a b le  q u a n t i t i e s  
o f  th e  fe e d b lo c k s  g iv e n , w hich may r e f l e c t  a n o v e l ty  i n t e r e s t  o n ly , 
p o s s ib ly  on a p p e t i t e  f o r  th e  s a l t  in  th e  b lo c k s .
The r e s u l t s  o f  t h i s  ex p e rim e n t and Expt l l . l  su g g e s t t h a t  th e  u se  
o f  fe e d b lo c k s  a s  c a r r i e r s  o f  magnesium compounds a s  p r o p h y la c t ic s  
a g a in s t  hypom agnesaem ic t e t a n y  i s  a t  th e  b e s t  l i k e l y  to  be o n ly  p a r t l y  
r e l i a b l e  d u rin g  th e  c r i t i c a l  s p r in g  p o s t - tu r n o u t  p e r io d .  The more 
p a l a t a b l e  s u b s t i t u t e - t y p e  fe e d b lo c k s  a r e  mo 10 l i k e l y  to  be s u i t a b l e  
magnesium c a r r i e r s  a t  such  tim e s  th a n  su p p le m e n t-ty p e  b lo c k s .  T h e ir  
e f f e c t iv e n e s s  a t  o th e r  tim e s  o f  th e  year^  p a r t i c u l a r l y  autumn and v /in te r ,  
r e q u i r e s  f u i 'th e r  e v a lu a t io n ,b u t  i s  a l s o  l i k e l y  to  be r e l a t i v e l y  
i n e f f e c t i v e  i n  some s i t u a t i o n s .  T h is  was e x e m p lif ie d  by th e  d e a th  o f  2 
cows in  S e c t io n  2 (E xp t 7 .2 )  from  s u s p e c te d  te t a n y  d u r in g  th e  autum n, 
when s o le  r e l i a n c e  f o r  a d d i t i o n a l  magnesium was p la c e d  on fe e d b lo c k s .
An e v a lu a t io n  o f  fe e d b lo c k s  a s  c a r r i e r s  o f  s p e c i f i c  n u t r i e n t s  such 
a s  magnesium compounds, a n th e lm in t ic s ,  a n t i - w a r b le  d r e s s in g  e t c .  
in d i c a te s  some s e v e re  l i m i t a t i o n s  and d e f i c i e n c i e s  i n  th e  ’ s e l f - h e l p ’ 
fe e d b lo c k  c o n c e p t , a s  a s u i t a b l e  means o f  a t t a i n i n g  a  p r e c i s e  and u n ifo rm  
in ta k e  i n  any g iv e n  s i t u a t i o n .  In  S e c t io n  1 th e  c o n s id e ra b le  in d iv id u a l  
v a r i a t i o n  in  fe e d b lo c k  in t a k e  was m easured r e l a t i v e  to  ’h a n d -fe d ' 
su p p le m e n ts . In  S e c tio n  2 th e  f a c t o r s  a f f e c t i n g  t o t a l  g roup in ta k e  
and i n t e r - d a y  v a r i a t i o n  in  fe e d b lo c k  in ta k e  w ere d e s c r ib e d .  In  S e c t io n  3 
( P a r t  C) th e  i n a b i l i t y  o f  i n d iv id u a l  ru m in an t a n im a ls  to  consume a 
s p e c i f i c  n u t r i e n t  (m agnesium ) ( a l b e i t  n o t in  a t o t a l l y  c r i t i c a l  s i t u a t i o n
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w here c l i n i c a l  t e t a n y  was o c c u r r in g )  i n  c o n s ta n t  r e l . i a b le  a n o u n ts  i n  
v a r io u s  c irc u m s ta n c e s  was em p h asised .
In  c o n c lu s io n  a  ’ s e l f - h e lp *  sy stem  o f  g iv in g  s p e c i f i c  n u t r i e n t s  
such  a s  in  fe e d b lo c k s  i s  l i k e l y  to  be i n f e r i o r  to  in d i v id u a l  d o s in g  
m ethods o r  ’h a n d - fe e d in g ’ b ecau se  o f  th e  u n c e r t a in  n a tu re  o f  th e  fo rm er 
m ethod . T here  was no e v id e n c e  to  s u g g e s t  t h a t  magnesirun o f f e r e d  i n  a 
f e e d b lo c k  was consumed a c c o rd in g  to  n eed .
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SECTION 4
THE EFFECT OF FEEDBLOCKS ON THE UTILISATION OF ROUGHAGES PARTICULARLY 
THOSE OF POOR QUALITY
I n t r o d u c t io n
The p r i n c i p a l  n u t r i t i o n a l  j u s t i f i c a t i o n  f o r  u s in g  th e  su p p lem en t- 
ty p e  and to  a  l e s s e r  e x te n t  th e  s u b s t i t u t e - t y p e  f e e d b lo c k s ^ r e l ie s  on 
t h e i r  c la im ed  a b i l i t y  to  enhance th e  u t i l i s a t i o n  o f  r o u g h a g e s ,p a r t i c u la r ly  
th o s e  o f  p o o r q u a l i t y .  Poor q u a l i t y  roughages a r e  u s u a l ly  assum ed to  be 
th o s e  d e f i c i e n t  in  n i t r o g e n  (C P < 5 0  t o  60 g /k g  DM) a n d /o r  ph o sp h o ru s  and 
have h ig h  cru d e  f i b r e  c o n te n ts .  Exam ples o f  th e s e  p o o r  q u a l i ty  
rou g h ag es commonly g iv e n  t o  ru m in a n ts  in  th e  UK a r e  th e  c e r e a l  s tra w s  
( u s u a l ly  b a r le y  and o a t ) ,  many hay sam p les , some s i l a g e s  and w in te r  
g r a z in g s ,  p a r t i c u l a r l y  i n  h i l l  a r e a s .  The l a t t e r  s i t u a t i o n  i s  
c o m p lic a te d  by th e ,d e g r e e  o f  s e l e c t i v i t y  e x h ib i te d  by th e  g ra z in g  
ru m in an t ( e s p e c i a l l y  th e  h i l l  ew e), r e s u l t i n g  in  th e  consum ption  o f  a d i e t  
o f  h ig h e r  q u a l i t y  th a n  th e  a v e ra g e  co m p o sitio n  o f  th e  m a te r i a l  a v a i l a b l e ,  
Tlie f e a t u r e  common to  a l l  th e s e  p o o r q u a l i t y  ro ughages i s  t h a t  
d i g e s t i b i l i t y  and c o n s e q u e n tly  v o lu n ta ry  in ta k e  i s  v e ry  low . B la x te r ,  
Wainman and W ilson ( l 9 é l )  shov/ed t h a t  th e  v o lu n ta ry  in t a k e  o f  sheep  
g iv e n  a  s e r i e s  o f  lo n g  ro u g h ag es, was r e l a t e d  to  t h i s  a p p a re n t  d i g e s t i b l e  
en e rg y  v a lu e s .  The v o lu n ta ry  in ta k e  o f  th r e e  hays o f  w id e ly  d i f f e r e n t  
..com position was a l s o  r e l a t e d  to  t h e i r  r a t e  o f  p a s sa g e  th ro u g h  th e  g u t .  
E s s e n t i a l l y  s im i la r  r e s u l t s  r e l a t i n g  v o lu n ta ry  in t a k e  to  th e  a p p a r e n t ly  
d i g e s t i b l e  en e rg y  c o n te n t  o f  th e  roughage w ere a l s o  found  w ith  s t e e r s  
( B la x te r  and W ilson  1 9 6 2 ). T h e re fo re  any  im provem ent i n  d i g e s t i b i l i t y  
sh o u ld  r e s u l t  i n  an in c r e a s e d  n u t r i e n t  in ta k e  by th e  a n im a l.
F eedb locks m ig h t t h e o r e t i c a l l y  ijnprove roughage d i g e s t i b i l i t y  and 
hence in ta k e  in  s e v e r a l  vfôys depend ing  on th e  c irc u m s ta n c e s ,
i ) The a l l e v i a t i o n  o f  a s p e c i f i c  m in e ra l o r  v ita m in  d e f ic ie n c y
A s p e c i f i c  d e f ic ie n c y  o f  a m in e ra l  ( e .g .  p h o sp h o ru s)  may li in i .t
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roughage in ta k e  due to  a low ered  d i g e s t i b i l i t y  a s  d em o n stra ted  by L i t t l e  
( 1968 ) and Pla.yne (19 6 9 ) iv ith  sheep  g iv e n  low -phosphorus lu c e rn e  and 
F ish w ick , F r a s e r , ' Hemingway, P a rk in s  and R i tc h ie  (1976) w ith  b e e f  cows 
g iv e n  straw *  A v e ry  h ig h  p r o p o r t io n  o f  hays and s tra w s  have been  shown 
( e . g .  Hendngw^ay, M acpherson, D u th ie  and Brown 1968; Hemingway 1971) to  
p ro v id e  much l e s s  phosp h o ru s  th a n  has been  recommended (ARC 1965) f o r  th e  
m a in ten an ce  o f  a d u l t  c a t t l e .  The p r o v is io n  o f  su p p lem en ta ry  p h o sp h o ru s  
in  fe e d b lo c k s  w ould a l l e v i a t e  t h i s  d e f ic ie n c y  and r e s u l t  i n  im proved 
roughage u t i l i s a t i o n , i f  t h e  a n im a ls  consumed s u f f i c i e n t  o f  th e  fe e d b lo c k . 
O ther s p e c i f i c  d i e t a r y  d e f i c i e n c i e s  would be r e c t i f i e d  a c c o rd in g ly .
i i )  The a l l e v i a t i o n  o f  a n i t r o g e n  d e f ic ie n c y
V i r tu a l ly  a l l  fe e d b lo c k s  c o n ta in  su p p lem en ta ry  n i t r o g e n  ( e i t h e r  
p refo rm ed  p r o te in  o r  NPN, u s u a l ly  u r e a ) .  In  many a r e a s  th ro u g h o u t th e  
w o rld , in c lu d in g  th e  U n ited  K ingdon, th e r e  i s  an ab u n d an t su p p ly  o f  
p o o r - q u a l i ty  rou g h ag es w hich may be d e f i c i e n t  in  s e v e r a l  n u t r i e n t s  
p e rh ap s  th e  m ost im p o r ta n t o f  w hich i s  n i t r o g e n .  The a d d i t io n  o f  p r o te in  
o r  NPN sh o u ld  i n  th e o ry  im prove t h e i r  n u t r i t i v e  v a lu e .
I n c r e a s e s  i n  v o lu n ta ry  in t a k e  o f  lo w -p ro te in  ro ughages  g iv e n  to  
ru m in a n ts  by a d d i t io n  o f u re a  to  th e  d i e t  have been  o b ta in e d  by many 
w orkers ( e . g .  C la rk  and Q uinn 1951; F ra n k l in ,  B rig g s  and McClymont 1955; 
M o rris  1958; Beames 1959; W illia m s , P e a rc e , D elany and T rib e  1959; 
Coombe and T rib e  1 9 6 3 ). An in c r e a s e d  r a t e  o f  d ig e s t io n  (Coombe and T rib e  
1963 ) and r a t e  o f  p a s sa g e  o f  d ig e s t a  th ro u g h  th e  d ig e s t iv e  t r a c t  (Coombe 
and T rib e  1963; and P i e t e r s e ,  L esch and iron Schalkv/yk 1963) have been  
r e p o r te d  fo llo w in g  th e  a d d i t io n  o f  u re a  to  d i e t s  o f  low  n i t r o g e n  
ro u g h a g e s . Some w ork ers  have a l s o  re c o rd e d  in c re a s e d  d i g e s t i b i l i t y  
r e s u l t i n g  from  a d d i t io n s  o f  u re a  to  th e  d i e t  ( e .g .  Beames 1959;
E l l i o t  I9 6 0 ; Cam pling, F r e e r  and  B alch  1962; and Sm ith 1962) b u t o th e r  
w o rk ers  have n o t  been a b le  to  d e m o n s tra te  a s i g n i f i c a n t  im provem ent in  
d i g e s t i b i l i t y  (D in n in g , B rig g s  and  G allu p  1949; C .lark and Quinn 1951;
2 7 4 .
Thompson, G ra f, E h e a r t  and Holdaway 1952; and W illiam s  e t  a l ,  1 9 5 9 ).
At h ig h  r a t e s  o f  u re a  s u p p le m e n ta t io n  a  d e c l in e  i n  b o th  in t a k e  and  r a t e  
o f  p a s sa g e  can o c c u r  (Coombe and  T r ib e ,  1 9 63 ).
The ver^r l i m i t e d  am ount o f  p u b l i s h e d  l i t e r a t u r e  on th e  e f f e c t  o f  
g iv in g  b lo c k s  c o n ta in in g  su p p le m e n ta ry  n i t r o g e n  on th e  p e rfo rm a n ce  o f  
c a t t l e  and  sheep  has been  rev iew ed  in  th e  I n t i ’o d n c t io n  o f  t h i s  t h e s i s .
In  many o f  th e s e  r e p o r t s  roughage in t a k e  was n o t r e c o rd e d ,a l th o u g h  a 
re s p o n se  to  n i t r o g e n  su p p le m e n ta t io n  was som etim es m e a s u r e d , in d i r e c t ly  
i n  te rm s o f  d e c re a se d  l iv e - w e ig h t  l o s s .
In  one r e p o r t ,  A lto n a  (19 6 6 ) i n d i c a te d  t h a t  when c a t t l e  w ere g iv e n  
fo u r  hays ra n g in g  i n  crude  p r o t e i n  c o n te n t  from  56 to  96 g /k g , th e  
d a i ly  l i v e  w eig h t re sp o n se  to  u re a  s u p p le m e n ta t io n  p r o g r e s s iv e ly  
d e c re a se d  from  + 0*62 to  +  0*12 k g /d a y .
When roughage  in t a k e  was r e c o rd e d , any  re s p o n s e  to  n i t r o g e n  
s u p p le m e n ta tio n  seem ed t o  depend on th e  n i t r o g e n  c o m p o sitio n  o f  th e  
ro u g h ag e . For exam ple, no e f f e c t  on hay  in ta k e  ( lO l g CP/l^g) wi.th 
c a t t l e  was o b ta in e d  by P e a rc e  and Raven (1 9 7 3 )?when g iv e n  b lo c k  
su p p lem en ts  c o n ta in in g  e i t h e r  u re a  o r  g ro u n d n u t a s  n i t r o g e n  s o u rc e s , 
w h i l s t  Beames (1963) r e p o r te d  in c r e a s e s  in  hay in t a k e  (35  g C P/kg) o f  
29 and 4 5 /  f o r  c a t t l e  aged  26 and  14 m o n th s , r e s p e c t iv e ly .
C am pling, F r e e r  and  B alch  (1962) showed t h a t  th e  consum ption  o f  
o a t  s t r a w  by a d u l t  cows was in c r e a s e d  by 40/  when 75 o r  150 g u re a  was 
in f u s e d  c o n t in u o u s ly  in t o  th e  rum en. In  a d d i t io n ,  o rg a n ic  m a t te r  
d i g e s t i b i l i t y  was in c r e a s e d ,a s  w ere th e  r a t e  o f  p a s sa g e  o f  fe e d  th ro u g h  
th e  d ig e s t iv e  t r a c t  and  d i g e s t i b i l i t y  o f  c o t to n  th r e a d s  suspended  th e  
rumen* C on tinuous in f u s io n  and th e  u se  o f  f e e d b lo c k s  a s  n i t r o g e n  (u r e a )  
su p p lem en ts  may have a  common f e a t u r e ,  t h a t  o f  f re q u e n c y  o f  u re a  in t a k e .  
In  many c irc u m s ta n c e s  how ever th e  f r e q u e n t  in g e s t io n  o f  u re a  from  
fe e d b lo c k s  may be a  p o t e n t i a l  r a t h e r  th a n  actua3. o c c u r re n c e . T a i t ,
M ilne and R u sse l ( l9 7 6 )  showed t h a t  th e  a d d i t io n  o f  0*5 g N /day  (a s  
c a e s in  o r  u i-ea) r e s u l t e d  i n  a mean in c r e a s e  i n  h e a th e r  (C a llu n a
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V u lg a r is )  in ta k e  o f  th e  o rd e r  o f  2 9 / ,when c o n tin u o u s ly  in f u s e d .  An 
a d d i t i o n a l  I - 5 and 3*0 g N f u r th e r  in c r e a s e d  in ta k e  by ab o u t 7 and l4 /y  
r e s p e c t iv e l y .  D i g e s t i b i l i t y  was in c re a s e d  by 3 6 , 38 and kO%^  
r e s p e c t i v e l y , f o r  th e  0*5, 1*5 and 3*0 g le v e l s  o f  n i t r o g e n  su p p le m e n ta tio n .
One o f th e  p ro p o sed  a d v a n ta g e s  f o r  g iv in g  su p p lem en ta ry  u re a  on a  
’s e l f - h e lp *  b a s i s , s u c h  a s  in  fe e d b lo c k s  o r  l i q u i d s ^ i s  t h a t  i t  i s  c la m e d ,  
t h a t  u re a  i s  u t i l i s e d  f a r  more e f f i c i e n t l y  when consujned l i t t l e  and 
o f t e n 9compared to  when g iv e n  once d a i l y  in  a  c o n c e n tr a te  f e e d .  In  v i t r o  
vTork by B lo o m fie ld , G arner and M uhrer ( i9 6 0 )  in d ic a te d  t h a t  th e  r a t e  o f  
u re a  h y d r o ly s is  was 4 tim e s  g r e a t e r  th a n  th e  c o rre sp o n d in g  u p ta k e  o f  
ammonia n i t r o g e n  by th e  rumen m ic ro -o rg a n ism s . In  a  su b se q u e n t i n  ^ iv o  
t r i a l  u s in g  w e th e r  sh eep , B lo o m fie ld , W elsch, G arner and M uhrer ( l 9 6 l )  
r e p o r te d  in c r e a s e d  n i t r o g e n  b a la n c e , in c re a s e d  w hole b lo o d  a lbum in  and 
low er b lood  u re a  v a lu e s  when a d i e t  c o n ta in in g  32 g u re a /k g  was o f f e r e d  
l6  t im e s /d a y  com pared w ith  2 t im e s /d a y ,
A s im i l a r  re sp o n se  to  f r e q u e n t  a d m in is t r a t io n  o f  u r e a - c o n ta in in g  
f o o d s tu f f s  was i*eported  by C am pbell, Howe, M arta and M erilan  (1 9 6 3 ) .
These w o rkers r e p o r te d  t h a t  h e i f e r s  g iv e n  a d i e t  c o n ta in in g  33 g u r e a /k g ,
6 t im e s /d a y  had a  2 5 / g r e a t e r  d a i ly  l iv e - w e ig h t  ^ i n ,  com pared i-d th  
an im a ls  g iv e n  th e  same q u a n t i ty  o f  supp lem en t tw ic e  d a i l y .
O ther w o rk e rs  have found no re sp o n se  to  in f u s io n s  o r  f r e q u e n t  
in ta k e s  o f  u r e a .  M inson and P ig d en  ( l 9 6 l )  r e p o r te d  no c o n s i s t e n t  
e f f e c t  on th e  d i g e s t i b i l i t y  o f  chopped o a t  s tr a w  w ith  th e  c o n tin u o u s  
in f u s io n  o f  u re a  b u t th e  v o lu n ta ry  in ta k e  was d e c re a se d  by 1 2 / ,
G oodrich , M eiske and G harib  (1972) found no ad v an tag e  f o r  g iv in g  u re a  
f r e q u e n t ly  in  te rm s o f  in c r e a s e d  u t i l i s a t i o n .
One o f  t h e  o b je c t iv e s  o f  S e c t io n  4 was to  a s s e s s  th e  Im p o rtan ce  
o f  fre q u e n c y  o f u re a  in ta k e  from  fe e d b lo c k s  in  r e l a t i o n  to  roughage 
u t i l i s a t i o n .  A lso i t  was in te n d e d  to  examine th e  b e h a v io u ra l a s p e c ts  
o f  b lo c k  fe e d in g  w ith  housed  c a t t l e ,w i t h  em phasis on num ber, d u r a t io n
xi f c ,
and d i s t r i b u t i o n  o f  v i s i t s  to  a fe e d b lo c k  d u rin g  any  24- h r  p e r io d ,
i i i )  The p r o v is io n  o f  a d d i t i o n a l  en e rg y
A f u r t h e r  p o s s ib le  m echanism  w hereby fe e d b lo c k s  m ig h t enhance 
roughage u t i l i s a t i o n , i s  p o s s ib ly  v ia  th e  p ro v is io n  o f a d d i t i o n a l  e n e rg y . 
Energy in  th e  form  o f  c a rb o h y d ra te  may o p e ra te  b e n e f i c i a l l y  i n  two 
i n t e r - r e l a t e d  w ays, b o th  co n ce rn ed  w ith  th e  s y n th e s is  o f  m ic ro b ia l  
p r o t e i n .  The fu n c t io n  o f  c a rb o h y d ra te s  on c o n v e r t in g  ammonia to  
m ic ro b ia l  p r o te i n  i s  to  make energ y  and carbon  s k e le to n s  a v a i l a b l e  f o r  
m ic ro b ia l  s y n th e s i s .  The e n e rg y  r e q u i r e d  fo r  m ic ro b ia l  p r o t e i n  s y n th e s is  
has been rev iew ed  by Thomas ( l9 7 3 )«  H ungate (1966) e s t im a te d  t h a t  1*1 g 
o f  m ic ro b ia l  n i t r o g e n  i s  a s s im i la t e d  f o r  each  100 g o f  c a rb o h y d ra te  
fe rm en ted  u n d er i n  v i t r o  c o n d i t io n s .  B lo o m fie ld  e t  a l .  ( 1964 ) r e p o r te d  
t h a t  55 g o f  c a rb o h y d ra te  w ere r e q u i r e d  f o r  each  gram o f  n i t r o g e n  f ix e d .  
A f te r  a l lo w in g  f o r  a 10 to  1 2 /  lo s s  o f  energ y  in  m ethane a b o u t 6 6 /  o f  th e  
food  energy  i s  c o n ta in e d  i n  a c e t i c ,  p ro p io n ic  and b u ty r ic  a c id s  and i s  
a v a i l a b l e  to  th e  h o s t  th ro u g h  t i s s u e  o x id a t io n .
C a rb o h y d ra te s  d i f f e r  w id e ly  i n  t h e i r  e f f e c t iv e n e s s  o f  enhancem ent 
o f  m ic ro b ia l  p r o t e i n  s y n th e s is  ( s e e  re v ie w  by Helm er and B a r t le y  1 9 7 l) .  
The l e a s t  e f f e c t i v e  c a rb o h y d ra te  seems to  be c e l l u lo s e ;  th e  m ost 
e f f e c t i v e  s t a r c h .  S ta rc h  i s  a l s o  s u p e r io r  to  m o la sse s  o r  s im p le  s u g a r s .  
The low  e f f i c i e n c y  o f  u t i l i s a t i o n  o f  d i e t a r y  n itro g e n ,w h e n  m o la sse s  i s  
u sed  a s  a m a jo r c a rb o h y d ra te ,a p p e a r s  to  be m e d ia te d  v ia  i t s  e f f e c t  on th e  
rumen fe rm e n ta t io n  p a t t e r n .  S u tto n  (1968 and 1 9 6 9 ), u s in g  b o th  i n  v i t r o  
and i n  v iv o  te c h n iq u e s  h as  e s t a b l i s h e d  t h a t  f e rm e n ta t io n  o f s o lu b le  
s u g a r s ,  g lu c o se , f r u c to s e  and. s u c ro s e  te n d s  to  fa v o u r  b u ty r a t e  p ro d u c tio n . 
Under a  b u ty r a te  fe rm e n ta t io n  p a t t e r n ,  when m o la sse s  i s  th e  m ajo r 
c a rb o h y d ra te  s o u rc e , th e  ty p e  o f  b a c t e r i a  may in f lu e n c e  th e  e f f i c i e n c y  
o f  u t i l i s a t i o n  o f  d i e t a r y  n i t r o g e n .  The s p e c ie s  o f b a c t e r i a  (B a c te ro id e s  
am y lo p h ilu s  and Selenom onas rum inan tium ) v d th  th e  h ig h e s t  e f f i c i e n c y  o f  
m ic ro b ia l  p r o te i n  p ro d u c tio n  may be a b s e n t  u n d er th e s e  c o n d i t io n s
^  ( t *
(K a ra la z o s  and. Swan, 1 9 7 6 ), Ja c k so n , Rook and Towers ( l 9 7 l )  r e p o r te d  
t h a t  th e r e  was a h ig h ly  s i g n i f i c a n t  r e l a t i o n s h ip  betw een  abom asal o u tp u t 
o f  n i t r o g e n  and th e  p r o p o r t io n  o f  p ro p io n ic  a c id  in  th e  rumen v o l a t i l e  
f a t t y  a c id s  and a l s o  an in v e r s e  r e l a t i o n s h i p  iv ith  th e  p r o p o r t io n  o f  
b u ty r ic  a c id .  F a ic h n ey  ( 1965 ) showed t h a t  su c ro se  d id  n o t  im prove 
n i t r o g e n  u t i l i s a t i o n  in  sheep  when s tr a w  d i e t s  w ere supp lem en ted  w ith  
u r e a .
T a i t  e t  a l .  (1976) supp lem en ted  h e a th e r  d i e t s  g iv e n  to  sheep  v d th  
c o n tin u o u s  in f u s io n s  o f  e i t h e r  energ y  a lo n e  o r  energ y  and n i t r o g e n  
com bined. The energ y  s o u rc e  u sed  was s u c ro s e .  The a d d i t io n  o f  50 g 
su c ro se  a lo n e  in c r e a s e d  th e  in ta k e  o f  h e a th e r  by a b o u t 4 3 /  and th e  
d i g e s t i b i l i t y  by ab o u t 1 0 / , b u t 15O g s u c ro s e  d e c re a se d  b o th  in t a k e  and 
d i g e s t i b i l i t y  o f  h e a th e r  by a b o u t 1 4 /  in  each  c a s e .  The a d d i t io n  o f  50 g 
su c ro se  p lu s  0 -5  g n i t r o g e n  ( u r e a )  in c re a s e d  th e  in t a k e  and d i g e s t i b i l i t y  
by 33 /  o f  17/ * r e s p b c t iv e l y .  150 g s u c ro s e  p lu s  0*5 g n i t r o g e n  gave no 
f u r t h e r  r e s p o n s e .  The a d d i t io n  o f  50 g su c ro s e  to  3*0 g n i t r o g e n  
in c r e a s e d  th e  in ta k e  and d i g e s t i b i l i t y  o f  h e a th e r  by 12 and 5 / ,  
r e s p e c t iv e l y ,  and 150 g s u c ro s e  p lu s  3*0 g n i t r o g e n  gave no addit3 ..onal 
re sp o n s e  in  te rm s o f  i n t a k e ,  b u t in c r e a s e d  th e  d i g e s t i b i l i t y  o f  h e a th e r  
by 1 1 / .
Hemsley and M oir ( 1963 ) r e p o r te d  t h a t  30 g u re a /k g  d i e t  in c re a s e d  
th e  v o lu n ta ry  in ta k e  o f  hay (46  g CP/kg) by 3 7 /  and DM d i g e s t i b i l i t y  by 
13/ .  When 100 g m o la s se s /k g  d i e t  w ere a d d i t i o n a l ly  g iv e n  no e f f e c t  on 
d i g e s t i b i l i t y  was m easured  and hay  in ta k e  was 46 /  g r e a t e r  th a n  when 
unsup p lem en ted .
T h e re fo re  th e  e f f e c t  o f  s u c ro s e  and o th e r  sam ple su g a rs  on u re a  
and hence roughage u t i l i s a t i o n  a p p e a rs  to  be variable.^, and i n f e r i o r  to  
th e  e f f e c t  o f  s t a r c h .  Of th e  fe e d b lo c k s  s tu d ie d  i n  t h i s  t h e s i s  o n ly  
th e  W290(74) end W 29l(74) b lo c k s  c o n ta in e d  a p p re c ia b le  am ounts o f  
m o lasse s  (a b o u t 3^0 g /k g ) .  The c a rb o h y d ra te  so u rc e s  in  th e  o th e r  b lo c k s  
w ere e s s e n t i a l l y  c e r e a l  g r a in s  ( s t a r c h ) .
278.
i v )  The p r o v is io n  o f  a d d i t i o n a l  s u lp h u r
A ll  p r o te in s  c o n ta in  s u lp h u r  i n  th e  form o f  s u lp h u r  c o n ta in in g  
amino a c id s  ( c y s te in e  and m e th io n in e ) .  When su p p lem en ta ry  p r o t e i n  i s  
g iv e n  a s  t ire a ^ to g e th e r  w ith  an  energy  s o u r c e , i t  i s  p o s s ib le  t h a t  a 
p o t e n t i a l  d e f ic ie n c y  o f  s u lp h u r  m igh t o c c u r .  The e x te n t  o f  t h i s  
p o t e n t i a l  r i s k  o f  a  s u lp h u r  d e f ic ie n c y  depends upon th e  su lp h u r  l e v e l s  
in  th e  o th e r  d i e t a r y  c o n s t i t u e n t s .
The m a n u fa c tu re rs  o f  th e  C olborn  ran g e  o f  fe e d b lo c k s  em phasise  
th e  im p o rta n c e  o f  a d e q u a te  s u lp h u r  i n  th e  d i e t  f o r  maximum p r o te i n  
u t i l i s a t i o n ,  w h e th er t h i s  i s  d e r iv e d  from  roughage o r  o th e r  f o o d s tu f f s  
( e .g .  f e e d b lo c k s ) .  Hume and  B ird  ( l9 7 0 )  r e p o r te d  an in c r e a s e  in  
m ic ro b ia l  p r o te i n  p ro d u c tio n  from  82 to  94 g/day^w hen d i e t a r y  s u lp h u r  
was in c re a s e d  from  0*61 to  1*95 g /d a y , b u t  no a d d i t i o n a l  re sp o n se  was 
found on in c r e a s in g  th e  s u lp h u r  in ta k e  to  3 ‘42 g /d a y . C o s s e t,  P e r ry ,  
M ohler, P lum lee and Beeson (1962 ) o b se rv ed  e f f e c t s  o f  sulphm* a d d i t io n s  
a t  l e v e l s  o f  u re a  su p p le m e n ta tio n  in  e x c e ss  o f  6 0 /  o f  t h e  d ie ta r y  
n i t r o g e n .  T h e re fo re ,u n d e r  UK c o n d i t io n s  w here th e r e  i s  no ev id en ce  o f  
s u lp h u r  d e f ic ie n c y  in  h e r b a g e ^ i t  a p p e a rs  to  be r a t h e r  academ ic w h e th e r 
su lp h u r  su p p le m e n ta tio n  i s  made u n le s s  th e  NPN c o n te n t o f  th e  t o t a l  
d i e t a r y  n i t r o g e n  exceeds ab o u t 5 0 / ,
v )  The p r ov is io n  o f  ’unlmown’ rumen s t im u la to r y  f a c t o r s
Some m a n u fa c tu re rs  in c lu d e  d i s t i l l e r y  b y -p ro d u c ts  i n  t h e i r  
fe e d b lo c k s  f o r  v a r io u s  r e a s o n s .  T hese in c lu d e  d r ie d  d i s t i l l e r s  s o lu b le s  
(D B S),(270 g CP, 40 g OF, 70 g EE, 90 g Ash, 530 g NFE/kg DM), w hich has 
been  shown to  enhance c e l lu l .o s e  d ig e s t io n  in  v i t r o  ( P o t t e r ,  L i t t l e  and 
M itc h e l l ,  1966 ) ,  S e v e ra l  o rg a n ic  compounds have been shown to  s t im u la te  
c e l l u lo s e  d ig e s t io n  by rumen m ic ro -o rg a n ism s  in  v i t r o , 'a n d  some have 
been  r e l a t e d  to  th e  s t im u la to r y  a c t i v i t y  o f  c e r t a i n  f o o t s t u f f s  in c lu d in g  
DBS. F o r exam ple, D e h o r ity ,  B e n tle y , Johnson  and Moxon (.1957) r e p o r te d  
t h a t  th e  s t im u la to r y  a c t i v i t y  i n  y e a s t ,  c a e s in  and a l f a l f a  e x t r a c t  v/as
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due to  some and.no a c id s ,  p a r t i c u l a r l y  p r o l i n e .  P o t t e r  e t  a l .  ( 1966 ) 
found  t h a t  p r o l i n e  c o n te n t  a lo n e  o f  co rn  d r ie d  d i s t i l l e r s  s o lu b le s  was 
n o t  th e  o n ly  c r i t e r i o n  o f  s t im u la to r y  a c t i v i t y .  They h y p o th e s is e d  t h a t  
v a l e r i c  a c id  was th e  m ost im p o r ta n t compound in  s t im u la t in g  c e l lu lo s e  
d ig e s t io n  by rumen m ic ro -o rg a n ism s  and t h a t  i n  fo o d s  n o t c o n ta in in g  
v a l e r i c  a c id  p e r  s e , th e  s t im u la to r y  a c t i v i t y  was due to  th e  c o n v e rs io n  
o f  p r o l i n e  to  v a l e r i c  a c i d .
The e f f e c t  o f  g iv in g  d r ie d  d i s t i l l e r s  s o lu b le s  i n  v iv o  has been 
i n c o n s i s t e n t ,  E ly , L i t t l e  and S p ea rs  (1975) gave lam bs, d i e t s  c o n ta in in g  
33 g u re a /k g  and no DDS, 29 g urea, and  50 g DDS/kg and 24 g u re a  and 
100 g DDS/kg, The ru m in a i c e l lu lo s e  d ig e s t io n  was 20 , 30 and 3 1 / ,  
r e s p e c t i v e l y .  T here was no d i f f e r e n c e  i n  abom asal re c o v e ry  o f  n i t r o g e n  
f o r  th e  3 d i e t s  ( l2 * 7  to  13*0 g N /d a y ) . In  a  second  ex p e rim en t 4 d i e t s  
c o n ta in in g  e i t h e r  u r e a ,  u re a  p lu s  100 g DDS/kg, c a e s in  o r  g e l a t i n  w ere 
g iv e n  and th e  e f f e c t  on c e l lu lo s e  d ig e s t io n  m easu red . The ru m in a i 
c e l l u lo s e  d ig e s t io n  was 18, 23 , 1? and 14/ ;  r e s p e c t iv e l y  and abom asal 
re c o v e ry  o f  n i t r o g e n  9*8 , 10*0, 11 <-4 and 9*0 g N /d ay . When c e l lu lo s e  
and n i t r o g e n  d ig e s t io n  was c o n s id e re d  th ro u g h o u t th e  w hole d ig e s t iv e  
t r a c t 5th e  lo w e s t e f f i c i e n c y  f o r  b o th  p a ra m e te rs  was o b ta in e d  f o r  th e  u re a  
a lo n e  d i e t .  ( C e l lu lo s e  d ig e s t io n  32 , 45 , 46  and 38 ; n i t r o g e n  d ig e s t io n  
41 , 52 , 53 and 52/*^r e s p e c t i v e l y ) .  No s t a t i s t i c a l  t r e a tm e n t  was a p p l ie d  
to  th e  r e s u l t s  i n  t h i s  work and th e  number o f  lam bs p e r  t r e a tm e n t  was n o t 
g iv e n .
One p a r t i c u l a r  fe e d b lo c k  m a n u fa c tu re r  (Rumenco Co. L td . ) ,  m a rk e ts  a 
ra n g e  o f  b lo c k  p ro d u c ts  (R um ev ite , f o r  exam ple RS and RHE), c o n ta in in g  
a  d i s t i l l e r y  b y -p ro d u c t known a s  EC fe e d  ( d i s t i l l e r s  m o la sse s  d r ie d  
s o lu b le s ) .  EC fe e d  i s  a  v e ry  h y g ro sc o p ic , h ig h ly  v is c o u s ^ s p ra y  d r i e d  
brown pow der. T h is  p ro d u c t i s  e x te n s iv e ly  c la im ed  to  im prove th e  
u t i l i s a t i o n  o f  ro u g h ag es  a lo n e  by am ounts up to  5 0 / ( e . g .  S c o t t i s h  F arm er, 
17 Nov 1973 )* The chem rlcal c o m p o sitio n  o f  EC fe e d  i s  92 g CP, 1 g CF,
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X g  EE, 3 3 2  g a s h ,  554 g  N FE /kg  DM, (T h e  c o m p o s i t i o n  o f  t h e  a s h  i s  
59 g  Ca, 3 g P, 10 g Mg, 4 0  g  Ha a n d  8 0  g  K /k g )  m t - h  a  pH o f  10  t o  1 1 .
The o n ly  p u b lis h e d  r e s u l t s  on th e  e f f e c t  o f  Rum evite in g r e d i e n ts ,  
in c lu d in g  EC on roughage u t i l i s a t i o n  a r e  a  sm a ll s c a le  t r i a l  c a r r i e d  o u t  
by U nsw orth, Lamb and A rm strong (1 9 6 6 ) , EC fe e d  s i g n i f i c a n t l y  d e p re sse d  
th e  d ry  and o rg a n ic  m a t te r  d i g e s t i b i l i t y  o f  hay (55 g CP, 312 g CF/kg DM) 
and o f  th e  o th e r  i n g r e d i e n t s  s tu d ie d ,  o n ly  u re a  (w hich s i g n i f i c a n t l y  
im proved n i t r o g e n  d i g e s t i b i l i t y )  had any e f f e c t  on th e  u t i l i s a t i o n  o f  
b a r le y  s tra w  o r  h ay .
One o f  t h e  o b j e c t i v e s  o f  t h e  p r e s e n t  S e c t i o n  w as t o  e v a l u a t e  i n  
d e t a i l  t h e  e f f e c t  o f  R u m e v i te  i n g r e d i e n t s , p a r t i c u l a r l y  EC f e e d , o n  t h e  
u t i l i s a t i o n  o f  r o u g h a g e s .
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A The e f f e c t  o f  fe e d b lo c k s  on th e  u t i l i s a t i o n  o f  s t r a w  d i e t s  by 
in w in te re d  c a t t l e
T hree ex p e rim en ts  w ere c a r r i e d  o u t w ith  in w in te re d  c a t t l e  w ith  t h e  
i n t e n t i o n  o f  com paring fe e d b lo c k s  and c o n c e n tra te s  a s  su p p lem en ts  to  
d i e t s  o f  c e r e a l  s tr a w . In  th e  f i r s t  ex p erim en t a b e h a v io u ra l  t r i a l  u s in g  
tim e  la p s e  p h o to g rap h y  was a l s o  c a r r i e d  o u t , t o  a s c e r t a i n  th e  fre q u e n c y , 
d u r a t io n  and d i s t r i b u t i o n  o f  v i s i t s  to  a  fe e d b lo c k  d u r in g  a  24- h r  p e r io d ,
Expt 12 .1  A com parison  betw een fe e d b lo c k s  and in d i v id u a l ly  a l l o c a t e d
c o n c e n tr a te s
M a te r ia ls  and  M ethods'
Tvænty fo u r  H e re fo rd  c ro s s  s t e e r s  and h e i f e r s ,w e ig h in g  80 to  127 kg , 
w ere d iv id e d  i n t o  2 g roups o f  12 (H and L);On th e  b a s i s  o f  l i v e  w e ig h t 
(g roup  H w ere t h e  h e a v ie r  a n im a ls ) .  Each group was f u r t h e r  s u b d iv id e d  
in t o  3 g roups o f  4 a n im a ls^ a c c o rd in g  to  s e x  and l i v e  w e ig h t ,g iv in g  a  
d u p l ic a te d  3 x 3  L a t in  s q u a re  d e s ig n .  The c a t t l e  w ere housed  i n  an  
o p e n - f ro n te d  b u i ld in g  and  bedded on l i m i t e d  am ounts o f  p o o r q u a l i t y  s t r a w .
The g ro u p s o f  c a t t l e  i n  each  L a t in  sq u a re  r e c e iv e d  one o f  th e  
fo llo v d n g  sup p lem en ts  in  random se q u e n c e ,
A) A W 29l(74) fe e d b lo c k  g iv e n  i n  a  wooden c o n ta in e r ,a f f o r d in g  
p r o te c t io n  to  th e  b lo c k  s id e s  and c o r n e r s ,w i th  th e  i n t e n t i o n  o f  
r e s t r i c t i n g  mean fe e d b lo c k  in ta k e  to  l e s s  th a n  1 k g /h e a d /d a y .
B) An a l l o c a t i o n  o f  b a r le y - u r e a  cubes g iv e n  in d i v id u a l ly ,u s i n g  s e l f  
lo c k in g  y o lk s , su p p ly in g  an  e q u iv a le n t  amount o f  BE and B C P/head/day  
com m ensurate w ith  th e  mean amount o f  b lo c k  consumed d u r in g  th e  p ro c e e d in g  
24 h o u rs ,  (Each gram o f  u re a  was assum ed to  su p p ly  2 .8  g CP).
C) An a l l o c a t i o n  o f  b a r le y  cubes g iv e n  in d i v id u a l ly  and su p p ly in g  
an  e q u iv a le n t  amount o f  DE a s  A) and B ) ,b u t  no a d d i t io n a l  u r e a .
The b a r le y - u r e a  and b a r le y  cubes b o th  c o n ta in e d  v ita m in  and 
m in e ra l  i n c l u s i o n s .  The c h e m ic a l ' c o m p o sitio n  o f  th e  b lo c k  and  o th e r
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su pp lem en ts  a r e  g iv e n  i n  T ab le  3 8 . The in ta k e  o f  th e  W 29l(?4) 
fe e d b lo c k  was m o n ito re d  by d a i l y  w eigh ing  and a new b lo c k  s u b s t i t u t e d  
when l e s s  th a n  th e  p re v io u s  days consum ption  rem a in ed .
In  a d d i t io n  o a t  s tra w  was g iv e n  ad l ib i tu m  to  a l l  g roups from  
N orw eg ian -type  hay boxes ( th e s e  w ere r e p le n is h e d  tw ic e  d a i l y ) .  The 
group in ta k e s  o f  s tra w  w ere re c o rd e d  o v er a 7 -d ay  p e r io d .f o l lo w in g  10 
days o f  i n t r o d u c t io n  to  th e  t r e a tm e n ts .  Sam ples o f  o a t  s tra w  w ere 
o b ta in e d  ev e ry  second  day f o r  ch em ica l a n a ly s i s  (T a b le  3 8 ) .  A se p a ra te  
DM determ j_na tion  was c a r r i e d  o u t  on th e  s tra w  r e s id u e s  a t  th e  end o f  
each  t r e a tm e n t  p e r io d .
Chromic o x id e  was in c lu d e d  in  th e  supp lem en ts  a t  t h e  l e v e l s  
o u t l in e d  in  T ab le  3 8 . R e c ta l  g ra b  sam ples w ere o b ta in e d  tw ic e  d a i l y  
(0 8 .0 0  and 1 6 .0 0  h r )  from  each  an im a l d u r in g  th e  f i n a l  7 days o f  th e  
t r e a tm e n t  p e r io d s .
T ab le  3 8 . E xpt 1 2 .1 . C om position  o f  th e foods g iv e n  (g /k g
W 29l(74) B a r le y -u re a
cube
B a r le y  cube Oat s tra w
CP 2 2 6 .0 3 1 5 .0 11 7 .8 2 8 .0
CF 1 6 ,1 5 4 .8 4 2 .6 4 1 6 .3
EE 4 .3 1 4 .0 1 8 .3 8 .4
Ash 2 5 2 ,4 3 9 .0 2 5 .2 2 8 .8
Ca 4 6 ,7 5 .0 6 .7 3 .0
P 5 .6 4«0 4 .1 0 .3
Cr^Og 2 .4 0 3 .4 8 3 .7 4 —
Time la p s e  p h o to g ra p h y  ( i n t e r v a l s  o f  68 seco n d s"b e tw een  fram e s) 
was em ployed to  r e c o rd  th e  b e h a v io u r  o f  th e  c a t t l e  g iv e n  fe e d b lo c k s  d u r in g  
th e  e x p e r im e n t. S p e c ia l  r e f e r e n c e  was p la c e d  on th e  f r e q u e n c y ,d u ra t io n
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and d i s t r i b u t i o n  o f  v i s i t s  d u r in g  each  2 4 -b r  p e r io d .
B lood sam ples ( f o r  u r e a )  w ere o b ta in e d  on th e  p e n u i t im a te  day o f  
each t r e a tm e n t  p e r io d  a t  tim e s  b e fo re  g iv in g  th e  c o n c e n tr a te s  and 4 
ho u rs  l a t e r  (12*00 h r ) .
The BE and DCP c o n te n ts  o f  fe e d b lo c k  ( l0 * 4  MJ and 174 g DCP/kg) 
and b a r le y  cube ( l4 * 2  MJ and 86 g DCP/kg) used  i n  th e  experim en t^w ere  
e s tim a te d  u s in g  w e th e r  sheep  i n  m e tab o lism  c a g e s . The d i g e s t i b i l i t y  by 
d i f f e r e n c e  te c lm iq u e  (Page 74 )was u sed  f o r  th e  V/29l(74) fe e d b lo c k . In  
p r a c t i c e ,  th e  b a r le y - u r e a  cube s u p p lie d  s l i g h t l y  l e s s  DE th a n  a n t i c ip a t e d  
due to  th e  d i l u t i n g  e f f e c t  o f  th e  u re a  in c lu s io n  on DE c o n te n t .  T h is 
am ounted to  an u n d e r a l l o c a t i o n  o f  a b o u t 6 / .  The
d i f f e r e n c e  i n  DM c o e f f i c i e n t s  o f  th e  N 29 l(74 ) fe e d b lo c k  (0*83) and th e  
b a r le y - u r e a  and b a r le y  cubes (a b o u t 0*85) was n o t c o n s id e re d  im p o rtan t*
R e s u lts
A ll  a n im a ls  l o s t  w e ig h t d u r in g  th e  e x p e rim en t ( l  to  23 kg) w ith  
a  mean lo s s  o f  10»5 kg o v e r th e  51 days o f  th e  e x p e rim e n t. The W 29l(74) 
in ta k e s  and co n seq u en t a l l o c a t i o n s  o f  b a r le y - u r e a  and b a r le y  cubes a r e  
sum m arised in  T ab le  3 9 .
T ab le  3 9 . Expt 1 2 ,1 , Mean ( t  SE) d a i l y  supplem ent in ta k e s  (kg/DM h ead )
Group H 
W 29l(74) B a r le y  o r
P e r io d  1 1*27 ± 0 .1 5
P e r io d  2 0 .6 8  ±  0 .1 0
P e r io d  3 1 .0 7  ± 0 .1 3
Mean 1 ,0 0
B a rle y  u re a
0 .9 3
0 .5 0
0 .7 8
0 .7 4
Group L
W 29l(74) B a rle y  o r
B a rle y  u re a
0 .8 3  -  0 .0 8
0 .8 1  t  0 .0 1
0 .9 8  ± 0 .0 7  
0 .8 7
0.61 
0 .5 9  
0.72  
0 .64
The h e a v ie r  c a t t l e  consumed m ost fe e d b lo c k  i n  2 o f  th e  3 p e r io d s  
and a b o u t 1 5 /  more o v e r a l l .  The mean v o lu n ta ry  o a t  s tra w  in ta k e s  f o r  th e
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3 t r e a tm e n ts  a r e  g iv e n  in  T ab le  4 0 . The amount o f  s tra w  consumed by th e  
b a r le y - u r e a  su p p lem en ted  c a t t l e  (4 .2 8  kg D M /head/day) was s i g n i f i c a n t l y  
( P < 0 o 0 l )  g r e a t e r  tlian  th e  fe e d b lo c k  o r  b a r le y  a lo n e  supp lem en ted  
g roups (3*77 &nd 3*59 kg D M /h e a d /d a y ^ re s p e c tiv e ly ) . The fe e d b lo c k  
supp lem en ted  c a t t l e  consumed 5 /  more s tra w  on a v e ra g e  th a n  th e  b a r le y  
a lo n e  t r e a tm e n t^ b u t  th e  d i f f e r e n c e  was n o t s t a t i s t i c a l l y  s i g n i f i c a n t .
The in c r e a s e  in  s tra w  in t a k e  f o r  th e  h e a v ie r  (g roup  H) c a t t l e ^ g iv e n  
b a r le y - u r e a  cubes/w as p a r t i c u l a r l y  l a r g e  ( 2 7 / )  r e l a t i v e  to  b a r le y  a lo n e .  
The c o rre sp o n d in g  in c r e a s e  f o r  g roup L c a t t l e  was 1 2 / ,
T ab le  40 . Expt 1 2 ,1 . Mean d a i ly  v o lu n ta ry  s tra w  in t a k e  (kg DM/head)
Group H Group L
T rea tm en t W 29K74) B a rle y W 29l(74)
B a r le y -
u re a B arley
P e r io d  1 3 .4 1  4 .4 1 2 .9 3 2 .9 5 3 .5 3 3 .0 1
P e r io d  2 4 .0 9  4 .5 0 4 .1 0 3 .4 9 4 .3 5 3 .9 1
P e r io d  3 4 .4 0  4 .6 5 3 .6 9 4 .2 6 4 .2 4 3 .9 0
Mean 3 .9 7  4 .5 2 3 .5 7 3 .5 6 4 .0 4 3 .6 1
Combined W 29l(74) B a rle y -U re a B a rle y
-f'SED
tre a tm e n t
means 3 .7 7 4 .2 8 3 .5 9 0 ,1 0
S ig n i f i c a n c e ;  W 29l(74) v . B a r le y , NS; B a r le y -u re a  >  W 29l(74) o r
B a rle y  a lo n e
+
S ta n d a rd e r r o r  o f  d i f f e r e n c e betw een 2! t r e a tm e n t m eans.
The p lasm a u re a  c o n c e n tr a t io n s  (T a b le  41 ) co n firm ed  th e  u p g rad ed  
n i t r o g e n  s t a t u s  o f  b o th  th e  W 29l(74) and b a r le y - u r e a  supplem ented, c a t t l e ,  
com pared to  th o s e  g iv e n  no e x t r a  u r e a ,  \vhen th e  c a t t l e  w ere sam pled  
b e fo re  g iv in g  th e  c o n c e n tr a te  a l l o c a t i o n s , t h e  W 29l(74) t r e a tm e n t  gave a
2 8 5 ,
s i g n i f i c a n t l y  ( P < 0 ,0 5 )  h ig h e r  p.lasm aiirea c o n c e n tr a t io n  th a n  th e  b a r le y -  
u re a  t r e a tm e n t .  T h is  d i f f e r e n c e  d is a p p e a re d  when th e  c a t t l e  w ere a g a in  
sam pled 4 h o u rs  a f t e r  r e c e iv in g  th e  d a i ly  b a r le y - u r e a  a l l o c a t io n s  due to  
a  s i g n i f i c a n t  (P <  0 ,0 0 1 )  in c r e a s e  in  p lasm a u re a  f o r  th e  b a r le y - u r e a  
t r e a tm e n t .  No s i g n i f i c a n t  in c r e a s e s  in  p lasm a u re a  c o n c e n tra t io n  w ere 
re c o rd e d  f o r  e i t h e r  th e  W 29l(74) o r  te t r le y  a lo n e  t r e a tm e n t  betw een th e  
two sam p lin g  p e r io d s .
T ab le  41» Expt 1 2 ,1 . Mean p lasm a u re a  c o n c e n tr a t io n s  (m^/lOO m l) 
W29i ( 74) B a r le y -u re a  B a r le y  SED L ev e l o f  S ig ,
P re - f e e d in g  
(0 8 ,0 0  h r )  2 4 .3
P o s t- f e e d in g  
(1 2 ,0 0  h r )  2 5 .4
1 6 .9
2 3 .9
W291(74) > B u  
W 29l(74), B u > b ‘
7 .8  1.8 -"If " f -iwe*
7-6  1 .7  S i g t i .
T ab le  42 c o n ta in s  mean f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  f o r  th e  
t r e a tm e n ts  g iv e n . The CV f o r  . f a e c a l  chrom ic o x id e  ( 3 1 .5 / )  was 
s i g n i f i c a n t l y  ( P < 0 . 0 l )  g re a te r? w h e n  th e  c a t t l e  w ere g iv e n  W 29l(74) in  
g ro u ps,com pared  to  r e c e iv in g  b a r le y - u r e a  o r  b a r le y  a l l o c a t i o n s  
i n d i v id u a l ly  (13*0 and 1 0 * 1 / , r e s p e c t i v e l y ) .
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T ab le  4 2 , E xpt 1 2 ,1 . Mean ( and CV/) in  f a e c a l  clirom ic o x id e  c o n c e n tr a t io n s
] M îlL là l  B a rley jfu rea
H L H L H L
P e r io d  1
8 0 (1 5 .4 )  7 5 (4 2 .6 )  l l l (  8 .6 )  1 1 3 (3 1 .0 )  1 0 5 (1 2 .8 )  1 1 0 (7 .8 )
P e r io d  2
4 5 (2 6 .2 )  6 8 (4 0 .6 )  57( 9 .4 )  86( 7 .0 )  6 4 (1 5 .2 )  3 2 (1 1 .6 )
P e r io d  3
7 6 (3 1 .2 )  8 7 (3 3 .0 )  1 1 7 (1 2 .8 )  l l l (  9 .0 )  105( 6 .8 )  1 0 5 (6 .0 )
Mean CV 2 4 .3  3 8 .7  1 0 .3  1 5 .7  1 1 .6  8 .5
Mean CV
f o r  b o th  3 1 .5  1 3 .0  1 0 .1  S E D = 3.82
g roups H and L
S ig n i f i c a n c e ;  W 29l(74) >BU; Bu v .  B, NS
Only on one o c c a s io n  when g roup  L c a lv e s  r e c e iv e d  b a r le y - u r e a  cubes in  
P e r io d  l ,w a s  th e  CV f o r  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  ( 3 1 .0 / )  f o r  
c o n c e n tr a te s  g r e a t e r  th a n  th o s e  f o r  b lo c k s  ( l 5 . 4  to  4 2 . 6 / ) ,
T here  w ere s i g n i f i c a n t ,  (P <  0 .001  );, p o s i t i v e  c o r r e l a t i o n s  ( r  -  0 .7 1  
and 0 ,7 7 )  betw een  in d i v id u a l  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  and 
p lasm a u re a  c o n c e n tr a t io n s  f o r  th e  W 29l(74) supp lem en ted  c a t t l e  a t  0 8 ,0 0  
and 1 2 ,0 0  h r .  These r e l a t i o n s h i p s  w ere r e p re s e n te d  by l i n e a r  r e g r e s s io n  
e q u a t io n s  w hich w ere a t  0 8 .0 0  hr>  y  = 1.43%  + 48 .7 , SE o f  b =  t  0 .6 3  and 
a t  1 2 .0 0  h r ,  y  = 1.49%  + 3 4 .1 ,  SE o f  b = t  0 .5 5 , w here y  = chrom ic o x id e  
c o n c e n tr a t io n  (g/lO O  kg DM) and x  =  p lasm a u re a  c o n c e n tr a t io n  (mg/lOO m l) .  
The c o r r e l a t i o n s  ( r  =  0 .5 8  and  0 ,7 3 )  w ere a l s o  s i g n i f i c a n t  (P <  0 .0 1  
and P < 0 , 0 0 l )  betw een f a e c a l  chrom ic o x id e  and p lasm a u i'ea  c o n c e n tr a t io n s  
( a t  th e  0 8 ,0 0  and 1 2 ,0 0  h r  sam plings., r e s p e c t iv e l y ) ,  when th e  b a r le y - u r e a  
c o n c e n tr a te  cubes w ere g iv e n .  T hese r e l a t i o n s h i p s  w ere a l s o  r e p r e s e n te d
T ab le  13 . Exot 1 2 ,1 . The b eh av io u r o f  c a t t l e  consuming W 29l(74) 
fe e d b lo c k s  in d o o rs  (m ean, 4 a n im a ls )
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Group H (P e r io d  2 ) Group L (P e r io d  l )
Day 1 2 3 Mean Day 1 2 3 Mean
V i s i t s  to  
b lo c k  h e a d /  
day 12 17 21 17 27 24 21 24
Time s p e n t 
a t  b lo c k  
(m n s /d a y ) 34 77 72 6 l 76 61 69 69
Mean 
d u r a t io n  
o f  each  
v i s i t ( m in s ) 2 .8 3 4 .5 3 3 .4 3 3 .6 0 2 .8 2 2 .5 4 3 .2 9 2 .8 8
%
D is tr ib u tio n  
o f  v i s i t s  
th ro u g h o u t 
a  2 4 -h o u r 
p e r io d
2 0 .0 0 -0 8 .0 0 4 .2 . 2 5 .5 1 7 .0 1 5 .6 1 9 .6 1 9 .6 1 9 .2 1 9 ,5
0 8 .0 0 -1 2 .0 0 2 9 .2 3 1 .4 22 .1 2 7 .6 2 3 .0 3 1 .0 2 4 .0 2 6 .0
1 2 . 00- 1 6 .0 0 3 1 .3 1 7 .6 3 3 .0 27 .3 2 5 .9 1 6 .5 1 2 .0 18 .1
1 6 . 00 - 20 .00 3 5 .5 2 4 .5 2 6 .8 28 .9 3 1 .5 3 2 .9 4 4 .6 3 6 .4
D is tr ib u tio n  
o f  tim e  
s p e n t  a t  
th e  b lo c k  
d u r in g  a 
24 h r-p e r io d
•
2 0 .0 0 -0 8 .0 0 5 .7 1 8 .4 17 .9 1 4 .0 1 9 .4 1 9 .2 1 9 .3 19 .3
0 8 .0 0 -1 2 .0 0 3 0 .9 4 0 .9 2 0 .9 3 0 .9 21 .1 2 4 .1 3 0 .4 2 5 .2
1 2 .0 0 -1 6 .0 0 3 1 .6 1 4 .5 3 3 .4 2 6 .5 2 4 .0 2 5 .9 1 5 .6 2 1 .8
1 6 .0 0 -2 0 .0 0 3 1 .8 2 6 .2 2 7 .8 2 8 .6 3 5 .5 3 0 .8 3 4 .7 3 3 .7
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by l i n e a r  r e g r e s s io n  e q u a t io n s  w hich w ere a t  0 8 .0 0  h r  sam p lin g j 
y  ™ l* 6 4 x  + 71*3,. SE o f  b = 1" 1»03 and  a t  12*00 h r ,  y = l* 7 6 x  + 56*2,
SE o f  b — 0*73. There w ere no s i g n i f i c a n t  c o r re la t io n s b e tw e e n  th e
f a e c a l  chrom ic o x id e  and p lasm a u re a  c o n c e n tr a t io n s  a t  th e  two sam p lin g  
tim e s  f o r  th e  c a t t l e  g iv en  b a r le y  a lo n e  c u b es .
Due to  th e  v a s t  amount o f  d a ta  g e n e ra te d  by th e  tiin e  la p s e  
p h o to g rap h y  s t u d i e s , i t  was o n ly  p o s s i b le  to  exam ine two f i lm s  i n  d e t a i l ,  
c o v e rin g  two 3 -d a y  p e r io d s*  The f i lm s  chosen w ere f o r  group L c a t t l e  
in  P e r io d  1 and f o r  group H c a t t l e  i n  P e r io d  2 . A summary o f  th e  r e s u l t s  
o b ta in e d  i s  g iv e n  in  T ab le  4 3 , The c a t t l e  i n  group L made kl%  more 
v i s i t s  ( 24 ) to  th e  b lo c k ,th a n  th e  group H c a t t l e  ( l ? )  s tu d ie d  i n  P e r io d  2. 
T here wras how ever v e ry  l i t t l e  d i f f e r e n c e  in  t o t a l  tim e  s p e n t  a t  th e  
b lo c k  d u r in g  a 24 h o u r p e r io d ,a v e ra g e d  o v e r 3 days ( 6 l  and 69 rn iu s ) . The 
h e a v ie r  (g roup  li) c a t t l e  s ta y e d  s l i g h t l y  lo n g e r  a t  each  v i s i t  t o  th e  
b lo c k  (3*60 V . 2*88 m in s ) .  The c a t t l e  in  b o th  g roups s p e n t  s i g n i f i c a n t l y  
( P < 0 '0 0 l )  more tim e a t  th e  b lo c k  and made s i g n i f i c a n t l y  ( P < 0 .0 0 l )  more 
v i s i t s  d u r in g  th e  12-*hr p e r io d  0 8 .0 0  to  2 0 .0 0  h r s  (day  t im e ), com pared to  
th e  1 2 -h r  p e r io d  2 0 .0 0  to  0 8 .0 0  h r s  ( n ig h t  t im e ) .
F o r b o th  g roups o f  c a t t l e , l e s s  th a n  2 0 /  o f  v i s i t s  to  th e  b lo c k  
w ere i n  th e  p e r io d  2 0 .0 0  to  0 8 .0 0  h r .  The mean DM in ta k e s  o f  f e e d b lo c k /  
v i s i t  w ere 40  and 35 g /h e a d  f o r  th e  group H and L c a t t l e , r e s p e c t i v e l y .
The am ounts o f  u re a  c o n s u m e d /v is i t  w ere c a lc u la te d  to  be a b o u t 2*4 and 
2*1 g /h e a d . T here w ere no s i g n i f i c a n t  c o r r e l a t i o n s  betw een in d iv id u a l  
f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  and any o f  th e  b e h a v io u ra l  p a ra m e te rs  
exam ined . T h is  was p ro b a b ly  due to  th e  sm a ll number o f  in d iv id u a l  c a t t l e  
s tu d ie d  (8  i n  t o t a l ) .
D isc u s s io n
The r e s u l t s  in d i c a te d  t h a t  g iv in g  W 29l(74) fe e d b lo c k s  i n  a  group 
s i t u a t i o n  s t im u la te d  a lo w er mean v o lu n ta ry  o a t  s tra w  co n su m p tio n , 
compared to  an e q u iv a le n t  am ount o f  DE and DCP o f f e r e d  in d i v i d u a l l y  as
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a  b a r le y “U rea cube once d a i l y .  The fe e d b lo c k  supp lem en t gave a mean 
d a i ly  in ta k e  o f  s tr a w  o n ly  s l i g h t l y  g r e a t e r  th a n  th e  b a r le y  cube (g iv e n  
in d iv id u a l ly ) ,w h ic h  s u p p l ie d  no a d d i t i o n a l  n i t r o g e n .  The m ost l i k e l y  
e x p la n a tio n  f o r  t h i s  d i f f e r e n c e  i n  o a t  s tra w  consum ption  a p p e a rs  to  
r e f l e c t  how th e  su p p lem en ts  w ere g iv e n , r a t h e r  th a n  d i f f e r e n c e s  in h e r e n t  
in  t h e i r  n u t r i t i v e  v a l u e . '  However, a d e p re s s iv e  e f f e c t  on v o lu n ta ry  
s tra w  in ta k e  a n d /o r  d i g e s t i b i l i t y  o f  one o r  more o f  th e  b lo c k  
in g r e d ie n ts  can n o t be ru le d  o u t .
The in ta k e  o f  th e  W 29l(74) fe e d b lo c k  was c o n t r o l le d  p a r t l y  by 
p h y s ic a l  h a rd n e s s  and p a r t l y  by th e  u n p le a s a n t  t a s t e  o f  one o r  more o f  
th e  b lo c k  i n g r e d i e n t s .  C alcium  s u c r o s a te ,  a  ch em ica l form ed when 
m o la sse s  and c a lc iu m  h y d ro x id e  i n t e r a c t ,  i s  in s t r u m e n ta l  in  im p a r tin g  
b o th  h a rd n e ss  and  u n p le a s a n t  ( b i t t e r )  t a s t e  i n t o  th e  b lo c k .  The e f f e c t  
o f  ca lc iu m  s u c r o s a te  on roughage  in ta k e  and d i g e s t i b i l i t y  h as  n o t  been 
s tu d ie d .  *
The W 29l(74) fe e d b lo c k  was g iv e n  ad  l i b i tu m  on a  group b a s i s ,w h i l s t  
th e  b a r le y - u r e a  and b a r le y  a l l o c a t i o n s  w ere g iv e n  i n d i v i d u a l l y .  T h is  
d i f f e r e n c e  in  m ethod o f  o f f e r in g  th e  supp lem en ts  was r e f l e c t e d  i n  th e  
s i g n i f i c a n t l y  h ig h e r  v a r i a t i o n  in  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  
(su p p lem en t in t a k e )  f o r  th e  c a t t l e  g iv e n  b lo c k s .  T here  was a l s o  more 
v a r i a t i o n  in  p lasm a u re a  c o n c e n tr a t io n s  f o r  th e  c a t t l e  g iv e n  b lo c k s , th a n  
f o r  th e  o th e r  two t r e a tm e n ts .  F a e c a l chrom ic o x id e  and p lasm a u re a  
c o n c e n tr a t io n s  w ere s i g n i f i c a n t l y  c o r r e l a t e d  f o r  b o th  th e  b lo c k  and b a r le y  
u re a  t r e a tm e n t s .
I t  i s  t h e r e f o r e  p o s s ib le  t h a t  some o f  th e  in d iv id u a l  c a t t l e  g iv e n  
b lo c k s ;o n ly  consumed sm a ll am ounts o f  su p p lem en ta ry  n i t r o g e n  and 
c o n se q u e n tly  m a n ife s te d  o n ly  a  m in im al r e s p o n s e ,in  t e r n s  o f  in c r e a s e d  
o a t  s tra w  i n t a k e .  C o n v e rse ly , th e  c a t t l e  w ith  th e  h ig h e r  in d i v id u a l  
b lo c k  in ta k e s  would consume c o n s id e ra b le  q u a n t i t i e s  o f  su p p lem en ta ry  
n it ro g e n ,w h ic h  would r e s u l t  in  no f u r t h e r  re s p o n se  i n  o a t  s tr a w  in ta k e
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once th e  c rude  p r o t e i n  in  th e  o v e r a l l  d i e t  re a c h e d  say  a b o u t 50 to  60 g /  
kg .
The c a t t l e  r e c e iv in g  th e  b a r le y - u r e a  and b a r le y  a l l o c a t i o n s  consumed 
ap p ro x ijiia te ly  th e  same amount o f  DE and DCP in  t o t a l  a s  th o s e  g iv e n  b lo c k s , 
b u t i t  was Icnown t h a t  each  in d i v id u a l  an im a l re c e iv e d  an e q u a l s h a re  o f  
th e  supp lem en t, s u f f i c i e n t  to  r e c t i f y  th e  n i t r o g e n  d e f ic ie n c y  i n  th e  s tra w . 
The c ru d e  p r o te i n  i n  th e  t o t a l  d i e t  f o r  a l l  i n d iv id u a l s  was a b o u t 70 g /k g  
(4*28 kg o a t  s tra w , 28 g CP/kg = 120 g CP; 0*74 kg b a r le y - u r e a  p e l l e t s ,  
315*0 g CP/kg ~  233 g C P). T hat su p p lem en ta ry  n i t r o g e n  was b e n e f i c i a l  
u nder th e  e x p e r im e n ta l c o n d i t io n s  ivas con firm ed  by th e  a lm o s t 2 0 /  mean 
d i f f e r e n c e  in  s tra w  in t a k e  betw een th e  b a r le y - u r e a  and b a r le y  a lo n e  
tre a tm e n ts *  The h e a v ie r  c a t t l e  (g roup  H) showed a  g r e a t e r  re sp o n s e  to  
th e  b a r le y - u r e a  supp lem en t th a n  th e  l i g h t e r  (g roup  L) a n im a ls .
The tim e  la p s e  p h o to g rap h y  d a ta  showed t h a t  fre q u e n c y  o f  b lo c k  
in ta k e  can be v e ry  h ig h  ( l7  to  24 v i . s i t s /d a y )  f o r  housed  c a t t l e  and 
t h e o r e t i c a l l y  an in c r e a s e  i n  MPN u t i l i s a t i o n  m igh t be ex p e c te d ^ p e rh a p s  
r e s u l t i n g  in  in c r e a s e d  d i g e s t i b i l i t y  a n d /o r  roughage in t a k e .  Any 
b e n e f i c i a l  e f f e c t  o f  f r e q u e n t  u re a  in ta k e  seemed to  be o v ersh ad o w ed  by 
th e  d i f f e r e n c e s  due to  how th e  supp lem en ts  w ere g iv e n , , r e s u l t in g  in  th e  
d i f f e r e n c e s  i n  d i s t r i b u t i o n  betw een in d iv id u a l s  a s  d e s c r ib e d .  I n  b o th  
f i lm s  e x a m in e d ,th e  c a t t l e  on a v e ra g e  s p e n t ab o u t one h o u r /d a y  o v e r a l l  a t  
th e  f e e d b lo c k ,w ith  a  ra n g e  f o r  i n d iv id u a l s  o f  49 to  95 m in u te s . Most o f  
th e  a c t i v i t y  ( >  8 0 / )  a t  th e  b lo c k s  was re c o rd e d  d u r in g  th e  day tim e  
(0 8 .0 0  to  2 0 .0 0  h r ) .  The o n s e t  o f  a c t i v i t y  may have been  d e te rm in e d  by 
th e  w eigh ing  o f  th e  b lo c k  and g e n e r a l  d is tu rb a n c e  c r e a te d  by th e  
s to c k f e e d e r .  I n  g en era l th e  b e h a v io u r  o f  th e  h e a v ie r  (g roup  H) and 
l i g h t e r  (g roup  L) c a t t l e  d u r in g  th e  p e r io d s  s tu d ie d  was v e ry  com parab le .
In  many p r a c t i c a l  s i t u a t i o n s  c o n c e n tr a te  supp lem en ts  a r e  a l lo c a t e d  
on a  group b a s i s  w here c o m p e tit io n  i s  im p o r ta n t .  In  S e c t io n  1 th e  
d eg ree  o f  i n d iv id u a l  v a r i a t i o n  in  fe e d b lo c k  in ta k e  was shovm to  be
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s i g n i f i c a n t l y  g r e a t e r  th a n  when th e  same g roups o f  c a t t l e  w ere g iv e n  
e q u iv a le n t  DM a s  c o n c e n tr a te s  i n  tro u g h s*  T h e re fo re  i f  th e  d i s t r i b u t i o n  
o f  t h e  t o t a l  supp lem en t a l l o c a t e d  i s  im p o r ta n t^ a s  t h i s  p r e s e n t  ex p erim en t 
su g g e s ts , fe e d b lo c k s  may be i n f e r i o r  to  'h a n d - f e d ' su p p le m e n ts . In  th e  
fo llo w in g  ex p erim en t a  com parison  was c a r r i e d  o u t w ith  c a t t l e  g iv e n  
fe e d b lo c k s  o r  'h a n d - f e d ' supp lem en ts  ; c o m p e tit iv e ly *
Expt 12*2. A com parison  betw een  fe e d b lo c k s  and c o n c e n tra te s  g iv e n
The o b je c t iv e  o f  Expt 1 2 .2  w as, f i r s t l y , t o  make a  co m p ara tiv e  
a s s e s s m e n t , in  te rm s  o f  i n d i v id u a l  in ta k e  v a r i a t i o n  o f  ' s e l f - h e l p '  
fe e d b lo c k s  and 'h a n d - f e d ' su p p lem en ts  g iv e n  c o m p e ti t iv e ly  and su p p ly in g  
e q u iv a le n t  am ounts o f  DM o r  DE and  DCP. S econd ly , t o  exsjiiine th e  e f f e c t  
on v o lu n ta ry  s tra w  in ta k e  o f  any d i f f e r e n c e s  in  supp lem en t in ta k e  
v a r i a t i o n  betw een th e  c o n t r a s t in g  su p p le m e n ta tio n  te c h n iq u e s*
M a te r ia ls  and M ethods
Twelve (H e re fo rd  c r o s s )  c a t t l e  (3 s t e e r s  and 9 h e i f e r s )  o f  mean 
l i v e  w e ig h t 279 kg w ere d iv id e d  in to  2 g roups o f  6 a n im a ls  (A and  B) on 
th e  b a s i s  o f  s e x  and l i v e  w e ig h t .  The a n im a ls  w ere housed  i n  an  open 
f r o n te d  b u i ld in g  on 4 J a n u a ry  1976 a f t e r  p r e v io u s ly  b e in g  o u tw in te re d .
The DE and DCP c o n te n ts  o f  th e  W 29l(74) fe e d b lo c k  w ere a s  u sed  in  
E xpt 1 2 .1 ,  The DE o f  th e  b a r le y  u sed  was assum ed to  be l6*9  MJ/kg 
(DE = MAFF e t  a l .  1 9 7 5 ). The DCP o f  b a r le y  was ta k e n  to  beU*ol
82 g /k g  (m P F  e t  a l .  1 9 7 5 ).
The fo llo w in g  tr e a tm e n ts  w ere g iv e n  in  s u c c e s s iv e  1 7 -day p e r io d s .
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P er io d  1
Group A r e c e iv e d  W 29l(74) fe e d b lo c k s  ad l ib i tu m  in  a  wooden 
c o n ta in e r .  Group B re c e iv e d  an e q u iv a le n t  amount o f  DE and DCP in  a 
b a r le y - u r e a  cube (once  d a i l y ) , i n  tro u g h s  v d th  a  sp ace  a llo w an ce  o f  
60 cm /head . The amount o f  barley™ urea g iv e n  d a i ly  was a d ju s te d  to  
c o in c id e  w ith  th e  mean in ta k e  o f  DE and DCP from  th e  b lo c k  d u r in g  th e  
p re v io u s  24 h o u r s .  As th e  DE o f  th e  b lo c k s  (lO->4 M J/kg) wras c o n s id e ra b ly  
below  th e  DE o f  th e  b a r le y - u r e a  c o n c e n tr a te s  (DE o f b a r le y  — l6*9  M j/k g ),
1 kg o f  V/291(74) dm was e q u iv a le n t  to  0 .6 7  kg DM o f  th e  b a r le y - u r e a  
c o n c e n tra te *  The b a r le y - u r e a  c o n c e n tr a te  c o n ta in e d  ab o u t 66 g u re a  and 
a b o u t l6  g m in e ra ls /k g .
P e r io d  2
As f o r  P e r io d  1 b u t w ith  t h e  supp lem en ts r e v e r s e d .
P e r io d  3
Group A c a t t l e  r e c e iv e d  0*64 kg DM/head o f  b a r le y - u r e a  c o n c e n tr a te  
in  one d a i ly  f e e d ,w i th  a  s im i la r  tro u g h  sp ace  a llo w an ce  a s  b e f o r e .
Group B c a t t l e  r e c e iv e d  a s im i la r  d a i ly  a l l o c a t i o n  o f  0*64 kg DM/head o f  
b a r le y - u r e a  c o n c e n tra te  b u t  d iv id e d  i n t o  2 fe e d s  (0 8 ,0 0  and 16 .0 0  h r s ) ,  
each o f  0*32 kg DM/head,
P e r io d  4
Both g roups o f  c a t t l e  r e c e iv e d  an  e q u iv a le n t  amount o f  DM as  b a r le y -  
u re a  c o n c e n tra te ,  com m ensurate w ith  th e  mean d a i ly  DM in ta k e  o f  W 29l(74) 
by th e  r e s p e c t iv e  g ro u p s i n  P e r io d s  1 and 2 . T h is  am ounted to  0*51 and 
0*95 kg DM/head f o r  g ro u p s A and  B , r e s p e c t iv e ly .  These a l l o c a t i o n s  w ere 
g iv e n  once d a i ly  (0 8 .0 0  h r )  w ith  th e  same tro u g h  sp ace  a llo w a n c e  a s  
b e fo re .
The co m p o sitio n  in c lu d in g  chrom ic o x id e  in c lu s io n  o f  th e  W 29l(74) 
fe e d b lo c k  and b a r le y - u r e a  c o n c e n tr a te  i s  g iv e n  i n  T ab le 4 4 . In  P e r io d s
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1 and  2 th e  fe e d b lo c k  in ta k e  was measured, by d a i ly  w e ig h in g . In  th e  
p r e s e n t  e x p e rm e n t i t  was d e s i r e d  f o r  th e  c a t t l e  to  g a in  l iv e - w e ig h t ,
( in  E xpt 12 ,1  a l l  a n im a ls  l o s t  w e ig h t on W291(7 4 ) b lo c k s  and s tra w  
a lo n e ) ,  th e r e f o r e  each  a n im a l was a d d i t i o n a l l y  g iv e n  0«85 kg DM/head/day 
o f  b a r le y  in  in d i v id u a l  f e e d e r s .
In  a l l  th e  t r e a tm e n t  P e r io d s  o a t  s tra w  was o f f e r e d  ad l ib i tu m  
in  N orw eg ian -type  hay b o x es . The amount o f  s tra w  consumed was re c o rd e d  
o v e r th e  f i n a l  7 days o f  each  p e r io d .  Samples o f  th e  s t r a w  w ere 
o b ta in e d  ev e ry  second  day f o r  DM a n a l y s i s  (T ab le  4 4 ) .  A s e p a r a te  DM 
d e te rm in a tio n  was c a r r i e d  o u t in  th e  s tra iv  r e s id u e s  upon co m p le tio n  o f  
each  p e r io d .
R e c ta l  g ra b  sam ples ( f o r  chrom ic o x id e )  were o b ta in e d  once 
d a i ly  (0 9 .0 0  h r )  o v e r th e  f i n a l  7 days o f  each  p e rio d *  The c a t t l e  w ere 
w eighed a t  th e  end o f  each  P e r io d ,
Ta b le  44 . E xpt 1 2 .2 .  Mean c o m p o sitio n  o f  foods g iv e n  (g /k g  DM)
W29K74) B a r le y -u re a
c o n c e n tra te
O at s tra w
CP
OF
EE
Ash
Ga
P
Chromic o x id e
236.9
2 8 .0
7 .3
2 4 9 .0
46 .7
5.60
2 .4 0
257.2
3 7 .0
9 .9
52.7
8.43
2.44  
5 .14
31.2
428 .4
12.5
57.5  
3 .6  
1 .0 4
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R e s u lts
A ll  c a t t l e  g a in e d  l i v e  w e ig h t d u r in g  th e  e x p e r im e n t. The h ig h e s t  
w e ig h t g a in s  (0*55 k g /d a y ) w ere re c o rd e d  when th e  m ost DE and DCP w ere 
g iv e n  (P e r io d  4)^ e q u iv a le n t  i n  te rm s o f  DM to  th e  i n t a k e  from W 29l(74) 
fe e d b lo c k s . The lo w e s t l iv e - w e ig h t  g a in s  (0*21 k g /d a y )  w ere re c o rd e d  
when th e  c a t t l e  r e c e iv e d  an e q u iv a le n t  amount o f  DE and DCP a s  b a r le y -  
u re a  co n cen tra te^co m m en su ra te  w ith  t h e  in ta k e  o f  DE and DCP from  th e  
block*
D e ta i l s  o f  mean l iv e - w e ig h t  g a in ,  supplem ent and o a t  s tra w  in ta k e s  
and f a e c a l  chrom ic o x id e  c o n c e n tr a t io n s  a re  g iv e n  in  T ab le  45 f o r  th e  
v a r io u s  t r e a tm e n t  p e r io d s .  The c a t t l e  consumed m ost o a t  s tr a w  (5*08 kg 
DM /head/day) when th e  b a r le y - u r e a  c o n c e n tr a te s  w ere g iven ,com m ensu ra te  
m t h  DM consumed from  th e  W 29l(74) b lo c k  (P e r io d  4 ) .  The J.owest mean 
consum ption  o f  o a t  s tra w  (4*27 kg D M /head/day) was re c o rd e d  d u r in g  
P e r io d  3> when th®  c a t t l e  r e c e iv e d  0*64 k g /h e ad  o f  th e  b a r le y - u r e a  
c o n c e n tr a te  i n  a s in g le  o r  tw ic e - d a i ly  f e e d .  T here was l i t t l e  
d i f f e r e n c e  i n  mean v o lu n ta ry  s tra w  consum ption  (4*74 and  4*50 kg/DM/ 
h e a d /d a y ) , when an e q u iv a le n t  amount o f  DE and DCP was consumed by a  
group o f  c a t t l e  (6 )  from  e i t h e r  a  fe e d b lo c k  o r  b a r le y - u r e a  c o n c e n tr a te ,  
b o th  g iv e n  c o m p e t i t iv e ly .
The CV f o r  c a t t l e  g iv e n  fe e d b lo c k s  (29*6 and 3 8 * 5 /)  was s l i g h t l y  
lo w er th a n  th e  CV f o r  b a .r le y -u re a  c o n c e n tr a te s  (3 6 .9  and 44*1 f o r  g roups 
A and B , r e s p e c t i v e ly ) .  T h is  d i f f e r e n c e  was d i f f i c u l t  to  i n t e r p r e t  due 
to  th e  d i f f e r e n c e  in  t o t a l  amount o f  supp lem en t DM a l l o c a t e d .  Group A 
c a t t l e  r e c e iv e d  2 5 /  more DM a s  b a r le y - u r e a  in  P e r io d  2 ( e q u iv a le n t  to  
DE and DCP in ta k e  o f  b lo c k  by group B c a t t l e )  th a n  th e y  consumed from  
th e  b lo c k  d u r in g  P e r io d  1 .
Group B c a t t l e  consumed 1 8 0 / more DM/head from  th e  b lo c k (P e r io d  2 ) 
th a n  was g iv e n  in  th e  b a r le y - iu 'e a  a l l o c a t io n  (P e r io d  1 ) .  The ex p erim en t 
m igh t have been im proved i f  th e  b a r le y - u r e a  c o n c e n tra te s  had  been
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a l lo c a t e d  to  th e  g ro u p s^ a c c o rd in g  to  t h e i r  r e s p e c t iv e  fe e d b lo c k  in ta k e s  
r a t h e r  th a n  th e  ' p a i r f e e d i n g '  betw een th e  g roups w hich o c c u r re d .
The im p o rta n c e  o f  th e  q u a n t i ty  o f  DM a l lo c a t e d  and th e  p a t t e r n  o f  
a l lo c a t io n ,  on in d i v id u a l  v a r i a t i o n  in  f a e c a l  c h ro m e  o x id e  c o n c e n tra t io n  
was i l l u s t r a t e d  i n  P e r io d  4»jWhen DM r a t h e r  th a n  DE and DCP in t a k e s  
betw een th e  b lo c k  and c o n c e n tr a te s  was e q u a l is e d .  The b a r le y - u r e a  
c o n c e n tra te  was g iv e n  a t  a  c o n s ta n t  d a i ly  a l l o c a t io n  f o r  b o th  g roups 
i n  P e r io d  w h i ls t  th e  p a t t e r n  o f  in t a k e  o f  b o th  fe e d b lo c k  and  c o n c e n tr a te s  
i n  P e r io d s  1 and 2 gave c o n s id e ra b le  in t e r - d a y  f l u c t u a t i o n s  i n  t o t a l  
amount consumed* The CV f o r  f a e c a l  chrom ic o x id e  w ere 2 7 .5  and 2 1 * 0 /
(Mean 2 4 .3 )  f o r  g roups A and B , r e s p e c t iv e ly .  The r e s p e c t iv e  mean CV f o r  
fe e d b lo c k s  and c o n c e n tr a te s  g iv e n  on a v a r ia b le  d a i ly  b a s i s  w ere 3 4 .0  
and 4 0 . 5/ .
The CV fo r  f a e c a l  chrom ic o x id e  c o n c e n tra t io n  ( 5 2 .6 / )  was 2 .3  
t im e s  g re a te r ;w h e n  an a l l o c a t i o n  o f  c o n c e n tra te s  (O .6 4  kg DM/head) was 
g iv e n  once d a ily ,c o m p a re d  to  when 2 d a i ly  m eals each  o f  0 .3 2  k g /h ead  
( 22 , 5/ )  w ere g iv e n .
P i s e u ss io n
Due to  th e  d e s ig n  o f  th e  ex p e rim en t and th e  s m a ll  numbers o f  
c a t t l e  a v a i l a b l e  no s t a t i s t i c a l  e v a lu a t io n s  o f  th e  l iv e -w e ig h t  g a in  
o r  s tra w  in t a k e  d a ta  cou ld  be u n d e r ta k e n . T h e re fo re  th e  c o n fid e n c e  
w hich c o u ld  be p la c e d  on th e s e  p a ra m e te rs  was l i m i t e d . T here d id  n o t 
a p p e a r to  be much d i f f e r e n c e  i n  th e  v o lu n ta ry  s tra w  in ta k e  when th e  
c a t t l e  r e c e iv e d  e q u iv a le n t  DE and DCP from  e i t h e r  fe e d b lo c k s  o r  b a r le y -  
u re a  c o n c e n tr a te s  i n  a c o m p e ti t iv e  s i t u a t i o n .
The d i s t r i b u t i o n  o f  th e  fe e d b lo c k  and c o n c e n tr a te  supp lem en ts  
betw een in d iv id u a l  c a t t l e  i n  th e  g roups was ap p rox i.m a te ly  s im i la r ,  a p a r t  
from  when O.64  k g /h e ad  o f  c o n c e n tr a te s  was g iv e n  once d a i ly  (P e r io d  3)» 
when a  h ig h  CV o f  5 3 / was r e c o rd e d .  T here was no n o t ic e a b le  r e lu c ta n c e  
o f  i n d iv id u a l  c a t t l e  to  com pete f o r  th e  m a te r ia l  g iv e n . The main re a so n
2 9 7 .
f o r  t h i s  h ig h  CV was a h ig h , f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  f o r  one 
in d iv id u a l  an im ale  Vihen t h i s  an im a l was removed from  th e  a n a ly s i s  th e  
CV was red u ce d  t o  3 5 / .  A h ig h  f a e c a l  chrom ic o x id e  c o n c e n tr a t io n  may 
r e f l e c t  a  h ig h  supplem ent o r  v e ry  low  roughage in t a k e ,b u t  th e  e x a c t cause  
o f  th e  h ig h  v a lu e  h e re  was n o t known.
A lthough th e r e  was a  c o n s id e ra b le  a p p a re n t ad v an tag e  i n  te rm s o f  
u n ifo rm ity  o f  su p p le m e n ta tio n  when th e  same amount o f  c o n c e n tra te  DM 
v/as g iv e n  in  2 d a i l y  fe e d s  r a t h e r  th a n  once d a i ly ,  l i t t l e  em phasis co u ld  
be p la c e d  on th e  d a t a .  T h is  was m a in ly  due to  th e  h ig h  CV fo r  f a e c a l  
chrom ic o x id e  when th e  c o n c e n tr a te s  w ere a l lo c a t e d  once d a i ly  i n  P e r io d  3.% 
r e l a t i v e  to  th e  CV f o r  c o n c e n tr a te s  g iv e n  once d a i ly  i n  o th e r  p e r io d s ,  
f o r  exam ple P e r io d  4» A com parison  betw een once and tiv ic e  d a i l y  g iv in g  
o f  c o n c e n tr a te s  u s in g  P e r io d s  3 and  4 showed no d i f f e r e n c e  i n  u n ifo rm ity  
o f  s u p p le m e n ta t io n .
When e q u a l am ounts o f  DM w ere a l lo c a t e d ;  c o n c e n tr a te s  g iv e n  i n  
tro u g h s  seemed to  g iv e  a  more u n ifo rm  su p p le m e n ta tio n  th a n  b lo c k s .
When e q u iv a le n t  am ounts o f  DE and  DCP w ere g iv en  a s  c o n c e n tra te s  and 
b lo c k s  ( n e c e s s i t a t i n g  0 .6 7  kg c o n c e n tr a te  DM to  be g iv e n  f o r  ev e ry  b lo c k  
consumed) th e  m ost u n ifo rm  ty p e  o f  su p p le m e n ta tio n  was s l i g h t l y  in  
fa v o u r  o f  ' s e l f - h e l p ’ b lo c k s .  F u r th e r  work o f  th e  consequences  o f  
v a r i a t i o n  in  supp lem en t in ta k e  on roughage  u t i l i s a t i o n  i n  c o m p e tit iv e  
s i t u a t i o n s  i s  r e q u i r e d .
29Ü.
E>Œ)t 1 2 ,3 .  A com parison  betw een in d i v id u a l ly  a l lo c a t e d  c o n c e n tra te  and 
fe e d b lo c k  supp lem en ts  g iv e n  once o r  10 tim es  d a i ly  to  b e e f  cows
In  E xpt 12 .1  a b e h a v io u r  s tu d y  o f  housed  c a t t l e  g iv e n  fe e d b lo c k s  
showed t h a t  th e  number o f  v i s i t s  to  th e  b lo c k  co u ld  be c o n s id e ra b le  
(17 to  24 p e r  2 4 -h r  p e r io d ) .  An av e ra g e  o f  o v e r 60 m in u te s /d a y  was s p e n t  
a t  th e  b lo c k  wdth th e  m a jo r i ty  o f  a c t i v i t y  o c c u r r in g  d u r in g  th e  d a y - l i g h t  
h o u rs  (0 8 ,0 0  to  2 0 ,0 0  h r ) .  The p o s s ib le  a d v an tag es  o f  f r e q u e n t  u re a  
in ta k e  on u re a  and roughage u t i l i s a t i o n  have a l r e a d y  been  d is c u s s e d  in  
th e  I n t r o d u c t io n  to  t h i s  S e c t io n .  However in  E xpts 12 .1  and 1 2 ,2  no 
n o t i c e a b le  b e n e f i t  o f  fe e d b lo c k s  consumed l i t t l e  and o f t e n , i n  te rm s 
o f  in c re a s e d  roughage in ta k e ^ o v e r  an e q u iv a le n t  in ta k e  o f  DE and DCP 
g iv e n  as c o n c e n tr a te s  once d a i ly ,c o u ld  be d e te c te d .  Any e f f e c t  o f  
f re q u e n c y  o f  u re a  in ta k e  seemed to  be much l e s s  im p o r ta n t  th a n  th e  
in d i v id u a l  v a r i a t i o n  i n  th e  a b s o lu te  amount o f  supp lem en t in t a k e .
I t  was t h e  i n t e n t i o n  o f  th e  p r e s e n t  exp erim en t to  remove th e  
v a r i a t i o n  in  supp lem en t in ta k e ^ b y  in d iv id u a l ly  a l l o c a t i n g  th e  fe e d b lo c k  
and c o n c e n tra te  su p p lem en ts  g iv e n . T h e re fo re  any p o t e n t i a l  b e n e f i t  o f  
f r e q u e n t  u re a  in t a k e  from  b lo c k  m a t e r i a l , r e s u l t i n g  in  in c re a s e d  
roughage in ta k e  a n d /o r  d i g e s t i b i l i t y , r e l a t i v e  to  g iv in g  s im i la r  
n u t r i e n t s  once d a i ly  was more l i k e l y  to  be i d e n t i f i e d .  F eed b lo ck s o f 
th e  W 29l(74) ty p e  w ere a g a in  u s e d .
M a te r ia ls  and M ethods
Twenty H ere fo rd  c ro s s  b e e f  cows, mean l i v e  w eigh t 484 kg w ere 
i n d i v id u a l ly  housed  i n  s t a l l s .  The cows w ere 3 to  4 m onths p re g n a n t 
a t  th e  o n s e t  o f  th e  t r i a l .  The e x p e r im e n ta l d e s ig n  u sed  was f iv e  4 x 4
L a t in  s q u a re s ,  each  t r e a tm e n t  b e in g  g iv e n  i n  random sequence  in  14 -day
P e r io d s  (56  days i n  t o t a l ) .  The cows w ere a l l o c a t e d  to  each  L a t in
sq u a re  on th e  b a s i s  o f  l i v e  w e ig h t .
The fo llo w in g  4 d i e t a r y  t r e a tm e n ts  w ere g iv e n  to  com pare t h e i r  
e f f e c t  on v o lu n ta ry  consum ption  and d i g e s t i b i l i t y  o f  o a t  s t r a w .
299.
A) An a l l o c a t i o n  o f  Ëi+O g DM/head o f  W 29l(74) g iv e n  a s  b roken  p ie c e s  
( < 1  cm i n  le n g th ) ;  once d a i ly  (0 8 .0 0  h r ) .  The b lo c k  s u p p lie d  ab o u t
60 g u r e a .
B) An a l l o c a t i o n  o f  84O g DM/head a s  f o r  A ,b u t g iv e n  i n  10  fe e d s  a t
c o n s ta n t  i n t e r v a l s  o f  72  m in u te s  betw een 0 8 .0 0  and 2 0 .0 0  h r .
C) An a l l o c a t i o n  o f  570 g DM/head o f  a  b a r le y -u re a  cube s u p p ly in g  an
e q u iv a le n t  amount o f  DE ( 8 .7  MJ) and DCP ( in c lu d in g  40 g u re a ) ,  a s  A and 
g iv e n  once d a i ly .
D) An a l l o c a t i o n  o f  530 g DM/head o f  a b a r le y  cube s u p p ly in g  an
e q u iv a le n t  amount o f  DE a s  A, B and G^but no a d d i t i o n a l  n i t r o g e n .
The b a r le y - u r e a  and b a r le y  cubes a l s o  c o n ta in e d  c a lc iu m , 
p hosphorus t r a c e  e lem en t and v ita m in  in c lu s io n s .  The ch em ica l co m p o sitio n  
o f  th e  supplements* u sed  i s  g iv e n  i n  T ab le  46 .
The DE and DCP c o n te n ts  o f  th e  W 29l(74) b lo c k  m a te r i a l  w ere ta k e n  
to  be 1 0 .4  MJ and 176 g / k g , r e s p e c t i v e ly  (T ab le  7)* The DE and DCP o f  
th e  b a r le y  u sed  was a s  E xpt 1 2 .2 ,u s in g  th e  e q u a tio n  and v a lu e s  g iv e n  i n  
M FF e t  a l .  ( l9 7 5 ) .
T hroughout th e  e x p e r im e n t- th e  cows w ere g iv e n  ad l ib i tu m  o a t  
s tra w  i n  lo n g  fo rm ,th e  in t a k e  o f  w hich w as m easured  d u r in g  days 8 to  14 
o f  each  t r e a tm e n t  p e r io d .  Sam ples o f  th e  o a t s tra w  w ere r e t a in e d  f o r  
ch em ica l a n a ly s i s  (T a b le  4 6 ) e v e ry  second  day . I n d iv id u a l  s tra w  
f e e d e r s  w ere r e p le n is h e d  when n e c e s s a ry .  Any s tra w  r e s id u e s  w ere 
c o l le c t e d  d a i l y  and w eighed ; upon co m p le tio n  o f  each  r e c o rd in g  p e r io d  
a  s e p a r a te  DM d e te rm in a t io n  was c a r r i e d  o u t on a subsam ple o f  th e  s tra w  
r e s id u e s  from  each  in d i v id u a l  cow.
300 ,
T ab le  4 6 . E xpt 1 2 .3 * Mean co m p o sitio n  o f  foods
CP
CF
EE
Ash
Ca
P
W 29l(74)
226 .9
28.0
7 .3
2 4 9 .0
4 6 .7
5 .6
B a r le y -u re a
cube
2 9 7 .8
4 1 .5
8.4  
48.3
7 .7
4 .6
B a rle y  cube
97.9
4 2 .6
10.2
49.3
6.7
4 .1
O at s tra w
2 3 .8
447.6
11.2
68.3
3 .4
1.0
A d d it io n a l ly  a l l  th e  cows r e c e iv e d  675 g DM /head/day o f  b a r le y  
m e a l ,c o n ta in in g  14 .4 7  g chrom ic o x id e /k g  DM, T h e re fo re  th e  cows g iv e n  
th e  b lo c k  re c e iv e d  ab o u t l 6 ,5  g chrom ic o x id e /d a y ,a s  th e  V/29l(74) 
m a te r ia l  a l s o  c o n ta in e d  2 ,4 0  g chrom ic o x id e /k g  DM, R e c ta l  g ra b  sam ples 
w ere o b ta in e d  3 tim e s  d a i ly  d u r in g  days 8 to  14 o f  each  t r e a tm e n t  p e r io d , 
These bu llied  f a e c a l  sam ples w ere a n a ly se d  f o r  chrom ic o x id e , g ro s s  
en e rg y , o rg a n ic  m a tte r  and  t o t a l  n i t r o g e n ,u s in g  th e  m ethods d e s c r ib e d  in  
th e  I n t r o d u c t io n .  The d i g e s t i b i l i t y  o f th e  com bined d i e t s  g iv e n  was 
c a lc u la te d  u s in g  th e  chrom ic o x id e  f a e c a l  i n d i c a t o r  te c h n iq u e .
At th e  end o f  P e r io d s  1 and 2 a l l  th e  cows w ere b le d  on 3 
o c c a s io n s  (0 8 .0 0 , 1 1 ,0 0  and I 6 .OO h r )  d u r in g  th e  d ay . A d d i t io n a l ly ,  in  
P e r io d  2 , th e  cows on each  t r e a tm e n t  w ere a l s o  b le d  a t  I 4 .OO and 2 0 ,0 0  h r  
to  g iv e  a com parison  o f  th e  b lo o d  p a ra m e te rs  a t  th e  v a r io u s  sam p ling  
tim e s  d u r in g  a 12 h o u r p e r io d  (0 8 .0 0  to  2 0 .0 0  h r ) .  In  P e r io d  1 b o th  
b lo o d  ammonia and p lasm a u re a  w ere m easured  w h i l s t  i n  P e r io d  2 o n ly  
p lasm a u re a  c o n c e n tr a t io n s  w ere m easu red . The c a t t l e  w ere rew eig h ed  
upon co m p le tio n  o f  th e  e x p e r im e n t.
301.
R e s u lts
In  th e  i n i t i a l  p e r io d  one in d iv id u a l  cow re fu s e d  to  consume th e  
W29l(V4) fe e d b lo c k  su p p lem en ts  and was r e p la c e d  f o r  a l l  t r e a tm e n ts  w ith  
a  com parable s p a re  a n im a l. O th e rw ise  th e  b lo c k  su pp lem en ts  w ere r a p id ly  
c o n s u m e d ;ir re s p e c t iv e  o f  p a t t e r n  o f  f e e d in g .  Over t h e  t o t a l  56 days o f  
th e  ex p erim en t th e r e  was a  mean l iv e - w e ig h t  in c r e a s e  o f  8 kg.
The v o lu n ta ry  o a t  s tra w  I n ta k e s  and d i g e s t i b i l i t y  o f  th e  com bined 
d i e t s  a r e  p r e s e n te d  i n  T ab le  4 7 o T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  
in  v o lu n ta ry  in t a k e ,  DM, OM, en e rg y  and n i t r o g e n  d i g e s t i b i l i t y  f o r  
tr e a tm e n ts  A, B and 0 ,w hich s u p p l ie d  su p p lem en ta ry  n i t r o g e n .  The 
v o lu n ta ry  in ta k e  o f  s tra w  on th e s e  supp lem en ts  was a p p ro x im a te ly  1 1 /  
g r e a t e r  th a n  f o r  tr e a tm e n t  D,when b a r le y  vri.th no a d d i t i o n a l  n i t r o g e n  was 
g iv e n . T h is  in c r e a s e  in  v o lu n ta ry  s tra w  in ta k e  was s i g n i f i c a n t  ( P < 0 * 0 l )
S im i la r  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  in  DM, OM, en e rg y  and 
n i t r o g e n  d i g e s t i b i l i t i e s  w ere re c o rd e d  f o r  th e  t r e a tm e n ts  su p p ly in g  
su p p lem en ta ry  n itro g e n ,c o m p a re d  w ith  th e  b a r le y  a lo n e  supp lem en t 
(T rea tm en t D ),
T here was a  s l i g h t  b u t n o t  s i g n i f i c a n t  te n d e n c y  f o r  th e  h ig h e s t  
d i g e s t i b i l i t y  e s t im a te s  to  c o in c id e  w ith  th e  g iv in g  o f  b a r le y - u r e a  
c o n c e n tr a te  (T rea tm en t C ). The n i t r o g e n  d i g e s t i b i l i t y  o f  th e  com bined 
d i e t  when b a r le y  a lo n e  was g iv e n  was o n ly  j u s t  p o s i t i v e  ( 0 . 14/ ) , g iv in g  
a  mean a p p a re n t  DCP d ig e s t io n  o f  0*39 g . The d e te rm in e d  (from  n i t r o g e n  
d i g e s t i b i l i t y )  am ounts o f  DCP d ig e s te d  on th e  W 29l(74) b lo c k ,g iv e n  once 
d a i ly  o r  f r e q u e n t ly  and th e  b a r le y - u r e a  c o n c e n tr a te  w ere 128, 142 and 
115 g ^ r e s p e c t iv e ly .
The mean p lasm a u re a  c o n c e n tr a t io n s  f o r  P e r io d s  1 and 2 a r e  g iv e n  
in  T ab le 4 8 , At each  sam p lin g  th e  lo w e s t p lasm a u re a  c o n c e n tr a t io n s  
w ere re c o rd e d  fo r  th e  b a r le y  a lo n e  t r e a tm e n t .  The d i f f e r e n c e  i n  p lasm a 
u re a  c o n c e n tr a t io n s  was s i g n i f i c a n t  a t  a l l  sam p lin g s betw een b a r le y -  
u re a  and b a r le y  and betw een W29 l ( 7 4 ) g iv e n  once/d a y  and b a r le y  a t  a l l
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303.
sam plings e x c e p t 0 8 .0 0  h r .  The mean p lasm a u re a  o f  th e  cows g iv e n  
W 29l(74) 10 X p e r  day was c o n s i s t e n t l y ,b u t  n o t  s i g n i f i c a n t l y  g r e a t e r  
th a n  th o s e  g iv e n  b a r le y  a lo n e ,b u t  o f  c o u r s e , in  th e  e a r l y  p a r t  o f  th e  
day th o s e  cows g iv e n  W 29l(74) f r e q u e n t ly  had o n ly  re c e iv e d  a  sm a ll p a r t  
o f  t h e i r  t o t a l  d a i ly  a l l o c a t i o n .  The changes in  mean p lasm a f o r  cows 
g iv e n  e i t h e r  W29 l ( 7 4 ) o r  b a r le y - u r e a  c o n c e n tra te  once d a i l y  a r e  
e s s e n t i a l l y  s i m i l a r .  The p lasm a u re a  f lu n c tu a t io n s  f o r  cows g iven  
W 29l(?4) f r e q u e n t ly  w ere n o t  s ig n i . f i c a n t , b u t th e r e  was an in c r e a s e  
betw een 0 8 .0 0  hrqwhen b lo c k  and th e  b a r le y  a l l o c a t i o n  was f i r s t  g iv e n  
and 1 4 .0 0 ,when ab o u t 50/  o f  th e  days a l l o c a t i o n  o f  b lo c k  had been g iv e n . 
The p a t t e r n  o f  changes in  p la sm a u re a  f o r  th e  cows g iv e n  ¥ 2 9 1 (7 4 ) 
f r e q u e n t ly  re sem b led  t h a t  o f  th e  b a r le y - u r e a  and ¥291 (74 ) once d a i ly  
t r e a tm e n ts ;b u t  a t  low er a b s o lu te  l e v e l s .  T here was l i t t l e  d i f f e r e n c e  i n  
mean p lasm a u re a  fo r  any o f  th e  t r e a tm e n ts  betw een I 6 .OO and 2 0 .0 0  h r .
The mean b ldod  ananonia c o n c e n tr a t io n s  in  P e r io d  1 a r e  a l s o  g iv en  
in  T ab le  4 8 . T here was c o n s id e ra b le  v a r i a t i o n  in  t h i s  p a ra m e te r  f o r  
in d iv id u a l  cows on th e  same t r e a t m e n t , r e f l e c t e d  by th e  h ig h  s ta n d a rd  
e r r o r s  o f  th e  mean. The mean b lood  ammonia c o n c e n tra t io n  a t  1 1 .0 0  h r  
(69 and 64 | ig / l0 0  m l) was s i g n i f i c a n t l y  (P < 0 * 0 5  and P < 0 .0 1  ) h ig h e r  
th a n  a t  0 8 ,0 0  h r  (37 and 35 pg/lOO ml f o r  cows g iv e n  ¥ 2 9 l(7 4 )c n c e  d a i ly  
and b a r le y - u r e a  c o n c e n t r a t e , r e s p e c t iv e l y ) .  T here was l i t t l e  d i f f e r e n c e  
in  b lo o d  ammonia a t  0 8 .0 0  and 1 6 .0 0  h r  f o r  any o f  th e  t r e a tm e n ts .  The 
b lo o d  ammonia c o n c e n tr a t io n s  o f  th e  cows g iv en  ¥291 (7 4 ) f r e q u e n t ly ,  
resem b led  v e ry  c l o s e l y , a t  a l l  s a m p lin g s ,th o se  o f th e  cows r e c e iv in g  
b a r le y  a lo n e  w ith  no a d d i t i o n a l  n i t r o g e n .
D isc u s s io n
In  t h i s  e:q)er im e n t no a d d i t i o n a l  re sp o n se  to  f r e q u e n t  in ta k e  o f  
NPN was m e a su re d ,in  te rm s o f  in c re a s e d  v o lu n ta ry  in ta k e  a n d /o r  
d i g e s t i b i l i t y , o v e r  and above t h a t  o f  o f f e r in g  th e  same amount o f  DCP 
i n  th e  b lo c k  o r  b a r l e y /u r e a  c o n c e n tr a te  once d a i l y .  S u p p le rien ta ry
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n i t r o g e n  a s  e i t h e r  f e e d b l o c k  o r  b a r l e y - u r e a  c o n c e n t r a t e , i n c r e a s e d  t h e  
v o l u n t a r y  i n t a k e  o f  o a t  s t r a w  by  a b o u t  1 1 / , w i th  a  c o r r e s p o n d i n g l y  
i n c r e a s e d  d i g e s t i b i l i t y  o f  a b o u t  6 p e r c e n t a g e  u n i t s .  I n  a n  e x p je r im e n t 
w i th  s i m i l a r  co w s, F is h w ic k ,  F r a s e r ,  Hem.ingv/ay_, P a r k i n s  a n d  R i t c h i e  
( 1 9 7 4 )  r e p o r t e d  an  i n c r e a s e  i n  o a t  s t r a w  c o n s u m p tio n  o f  2 0 /  w i th  n i t r o g e n  
s u p p le m e n ta t io n ;W h ic h  i n c r e a s e d  t h e  t o t a l  ME i n t a k e  f ro m  a b o u t  54 t o
63 MJ/day* The mean ME in ta k e  from  th e  b a r le y  a lo n e  (no a d d i t i o n a l  
n i t r o g e n  s u p p le m e n ta tio n )  t r e a tm e n t  was a b o u t 60 MJ ME i n  th e  p r e s e n t  
s tu d y .  The ME re q u ire m e n t (M FF e t  a l ,  1975) fo r  cows in  th e  i n i t i a l
5 m onths o f  p reg n an cy  does n o t exceed  t h a t  o f  n o n -p re g n a n t cows by more 
th a n  5 MJ, The ME re q u ire m e n t f o r  m a in ten a n ce  o f  cows o f  mean l i v e  
w e ig h t 484 kg i s  52 MJ, The ra n g e  i n  l i v e  w e ig h ts  betw een th e  cows was 
386 to  606 kg w ith  a c o rre sp o n d in g  ran g e  in  ME re q u ire m e n ts  o f  43 to
64 MJ. T h e re fo re  a l l  th e  cows consumed a d eq u a te  e n e r g y , i r r e s p e c t iv e  o f  
w h e th er a d d i t i o n a l  n i t r o g e n  was g iv e n  i n  th e  su p p lem en ts .
The im provem ent i n  s tra w  in t a k e  w ith  a d d i t i o n a l  n i t r o g e n ^ r e s u l te d  
in  an  in c r e a s e d  MS in t a k e  i n  th e  t o t a l  d i e t  o f  5 to  6 MJ. The mean OP 
c o n te n t  o f  th e  t o t a l  d i e t  consumed by th e  cows g iv e n  b a r le y  a lo n e  
su p p le m e n ts , was e s t im a te d  to  be 35*6 g /k g . N itro g e n  su p p le m e n ta tio n  
in c re a s e d  t h i s  to  ab o u t 50 g CP/kg and  a p p a re n t DCP o f  th e  d i e t  by a 
f a c t o r  o f  a t  l e a s t  3 « The a p p a re n t DCP from  th e  d i e t  ( c a l c u la t e d  from  
th e  n i t r o g e n  d i g e s t i b i l i t y  d a ta )  w ith  th e  b a r le y  a lo n e  su p p le m e n ta tio n  
was 0*39 g ; com pared w ith  ab o u t 128, 142 and 115 g DCP^when th e  b lo c k  once 
d a i l y ,  b lo c k  f r e q u e n t ly  and b a r le y  u re a  su p p lem en ts , r e s p e c t iv e l y  w ere g iven , 
These a p p a re n t am ounts o f  DCP d ig e s te d  w ere f a r  lo w er th a n  th e  in te n d e d  
in ta k e s  o f  DCP from  th e  su p p lem en ts  g iv e n . Each supp lem en t c o n ta in in g  
a d d i t i o n a l  n i t r o g e n  sh o u ld  have o f f e r e d  a b o u t 148 g DCP, g iv in g  a  t o t a l  
DCP in ta k e  d is c o u n t in g  th e  o a t  s tra w  o f  ab o u t 200 g DCP (55 g DCP w ere 
c o n ta in e d  in  th e  0 .6 8  kg DM/head a l l o c a t i o n  o f  b a r l e y ) , The n i t r o g e n  
c o n ta in e d  i n  th e  W 29l(74) fe e d b lo c k  g iv e n  f r e q u e n t ly ,  seemed to  m a rg in a lly
306»
a llo w  th e  h ig h e s t  d i g e s t i b i l i t y  o f  c ru d e  p r o t e i n .  For th e  b a r le y  a lo n e  
t r e a tm e n t , t h e  DCP in ta k e  d is c o u n t in g  th e  s tra w  sh o u ld  have been ab o u t 
100 g» T h e re fo re  e i t h e r  n i t r o g e n  d i g e s t i b i l i t y  u n d e re s t im a te s  th e  
a p p a re n t  DCP d ig e s t e d ,o r  th e  c a l c u la te d  DCP in ta k e s  from  th e  am ounts 
assum ed to  be i n  th e  fo o d s g iv e n ,w e re  o v e re s tim a te d *
The r e p o r t  o f  F ish w ick  e t  a l»  (1974) makes no r e f e r e n c e  to  th e  
n i t r o g e n  d i g e s t i b i l i t y  o f  th e  p re d o m in a n tly  o a t  s tr a w  d i e t s  given*
T here a p p e a r  to  be a t  l e a s t  two p o s s i b le  esqD lanations f o r  th e  
d i f f e r e n c e  betw een amount o f  DCP g iv e n  and t h a t  a p p a r e n t ly  d ig e s te d *  
F i r s t l y ,  th e r e  may be an  e r r o r  r e s u l t i n g  from  th e  chrom ic o x id e  f a e c a l  
in d i c a to r  te c h n iq u e ,a l th o u g h  t h i s  seems v e ry  u n l ik e ly  to  acc o u n t f o r  a l l  
th e  d i f f e r e n c e  and m igh t have been  c o n s ta n t  f o r  a l l  t r e a tm e n ts .
S eco n d ly , th e  d is c re p a n c y  may. be due to  th e  endogenous o u tp u t o f  
m e ta b o lic  f a e c a l  n i t r o g e n  (MFN). A ccord ing  to  th e  ARC (1965) th e
m agnitude o f  MFN e x c r e t io n  in  bo th  c a t t l e  and sheep  i s  a b o u t 5 g
MFN/kg o f  DM in ta k e *  The cows g iv e n  b a r le y  a lo n e  w ith  no a d d i t io n a l  
n i t r o g e n  consumed an  a v e ra g e  7 '7 7  kg D M /head/day^w hich w ould r e s u l t  i n  
39 g MFN o r 243 g c ru d e  p r o te in  from  endogenous s o u rc e s .  The t o t a l  
c rude  p r o te i n  in ta k e  o f  th e s e  cows was an a v e ra g e  277 g ( in c lu d in g  a 
c a lc u la te d  100 g DCP)%of w hich o n ly  0*39 g CP w ere a p p a r e n t ly  d ig e s te d  
u s in g  th e  n i t r o g e n  d i g e s t i b i l i t y  d a t a .  The a p p a re n t  d i g e s t i b i l i t y  o f 
th e  d i e t a r y  c ru d e  p r o t e i n  was v i r t u a l l y  zero* Of th e  277 g CP 
e x c re te d  in  th e  f a e c e s ,  243 c o u ld  be a t t r i b u t e d  to  t h e  endogenous 
s e c r e t io n  o f  MFN from  a  d i e t  o f  a b o u t 7*8 kg DM. T h e re fo re  th e  t r u e
d i g e s t i b i l i t y  o f  c ru d e  p r o t e i n  o f  th e  com bined d i e t  v/as x  100
w hich e q u a ls  8 8 / .  T h is  seems r a t h e r  h ig h  a l th o u g h  some o f  th e  MFN 
m igh t be a c c o u n te d  form as d i e t a r y  n i t r o g e n  re c y c le d  v ia  th e  s a l i v a .
S im i la r ly  f o r  th e  n i t r o g e n  supp lem en ted  cows th e  MFN o u tp u ts  
w ere c a l c u la te d  to  be 43> 44 and 44 g N (269 , 275, 275 g CP) f o r  th e  
cows g iv e n  b a r le y - u r e a ,  W 29l(74) once d a i ly  and W 29l(74) f r e q u e n t ly ,  
r e s p e c t iv e l y .
D O  I *
The t o t a l  c ru d e  p r o te i n  in ta k e s  w ere 4-08, 433 and 434 g /h e a d /d a y , 
r e s p e c t iv e l y  and am ounts o f  DCP ( c a l c u la t e d  from  th e  N d i g e s t i b i l i t y )  
a p p a r e n t ly  d ig e s te d  w ere 115, 128 and 142 g* The t o t a l  amount o f  c rude  
p r o te in  e x c re te d  i n  th e  f a e c e s  was th e n  293, 305 and 292 g* Again m ost 
o f  th e  c ru d e  p r o t e i n  e x c re te d  was a t t r i b u t a b l e  to  th e  c a lc u la te d
endogenous s e c r e t i o n  o f  c ru d e  p r o t e i n  i n to  th e  d ig e s t iv e  t r a c t .  (9 2 , 90
and 9 4 /  f o r  th e  b a r le y - u r e a ,  b lo c k  once d a i l y  and b lo c k  f re q u e n tly ?  
r e s p e c t i v e l y ) .  T h is  im p l ie s  a  h ig h  e f f i c i e n c y  o f  t r u e  d ig e s t io n  o f
crude  p r o te i n  in  th e  com bined d i e t s  o f  94, 93 and 9 6 /? re s p e c tiv e ly y  f o r
th e  b a r le y - u r e a ,  b lo c k  once d a i ly  and b lo c k  f r e q u e n t ly  t r e a tm e n ts .
A lthough  t h i s  a ssu m p tio n  may have a g a in  been co m p lic a te d  by th e  
r e c y c l in g  o f  n i t r o g e n  v ia  th e  s a l i v a .
T h is  ex p e rim en t i l l u s t r a t e s  an  in c o n s i s te n c y  betw een th e  c a l c u la te d  
DCP in t a k e s  o f  cows on p re d o m in a n tly  s tra w  d i e t s  and th e  i n  v iv o  
m easurem ent o f  th e  am ount o f  CP a p p a r e n t ly  d ig e s te d .  The DCP recommended 
re q u ire m e n ts  (ARC 1965) f o r  m a in ten an ce  o f  m a tu re  cows w eig h in g  500 kg 
l i v e  w e ig h t and consum ing 9 kg D M /head/day a re  236 g /d a y .  U sing th e  DCP 
v a lu e  f o r  o a t  s tr a w  o f  11 g DCP/kg(MAFF e t  a l .  1975) and assu in .ng  t h a t  
u re a  i s  t o t a l l y  d i g e s t i b l e ,  th e  cows in  th e  p r e s e n t  ex p erim en t sh o u ld  have 
re c e iv e d  am ple DCP (280 g /h e a d )  on th e  a d d i t i o n a l  n i t r o g e n  t r e a tm e n ts  
( 19/  i n  e x c e ss  o f  m a in te n a n c e ) and 180 g /h e ad  on th e  b a r le y  a lo n e  
su p p lem en t. The am ounts o f  DCP a p p a r e n t ly  d ig e s te d  u s in g  th e  i n  v iv o  
d e te rm in e d  n i t r o g e n  d i g e s t i b i l i t i e s  f o r  th e  com bined d i e t s  w ere o n ly  
49 , 54 and 6 0 / o f  th e  DCP recom m endations f o r  th e  b a r le y - u r e a ,  b lo c k  
once d a i ly  and b lo c k  f r e q u e n t ly  t r e a tm e n ts ,  r e s p e c t i v e l y .  T h e re fo re  
on th e s e  t r e a tm e n ts  o n ly  a b o u t 43 to  5 0 / o f  th e  c a lc u la te d  DCP g iv e n  was 
i d e n t i f i e d  a s  b e in g  a p p a r e n t ly  d ig e s te d  in  v iv o . On th e  b a r le y  a lo n e /n o  
a d d i t io n a l  n i t r o g e n  t r e a tm e n t ,  none o f  th e  c a l c u la te d  ( I 8O g ) DCP g iv e n  
was i d e n t i f i e d  a s  b e in g  a p p a r e n t ly  d ig e s te d  i n  v iv O ;u s in g  th e  n i t r o g e n  
d i g e s t i b i l i t y  e s t im a te  (0 * 1 4 /) .  Even a f t e r  84 days on th e s e  d i e t s  no
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im pairm en t o f  h e a l th  o r  d ig e s t iv e  fu n c t io n  was n o t ic e d ,  t h e r e f o r e  in  
p r a c t i c e  th e  cows m ust have r e c e iv e d  s u f f i c i e n t  p r o t e i n  i n  t h e i r  d i e t s  
on average*
T here a p p e a rs  to  be a  co n fu s io n  u n d er c e r t a in  c irc u m s ta n c e s  o f  
th e  te rm s  ’ c a lc u la te d  DCP i n t a k e '  and t h a t  p a r t  o f  th e  crude  p r o te in  
in  th e  d i e t  w hich i s  a p p a r e n t ly  d ig e s te d .  The l a t t e r  co n cep t i s  a l s o  
te rm ed  DCP,but a s  shown i n  th e  p r e s e n t  ex p erim en t th e r e  i s  a  c o n s id e ra b le  
d is c re p a n c y  betw een th e  two i n  p r a c t i c e .  The main re a so n  f o r  t h i s  
d i s c r e p a n c y ,e s p e c ia l ly  on p re d o m in a n tly  s tra w  d i e t s  i s  th e  endogenous 
s e c r e t io n  o f  MFN, A gain , b o th  in  v iv o  DCP a p p a re n t ly  d ig e s te d  (from  
th e  p e rc e n ta g e  n i t r o g e n  d i g e s t i b i l i t y  o f  th e  d i e t )  and th e  c a lc u la te d  
in ta k e  o f  DCP (u s in g  th e  c r i t e r i o n  t h a t  u re a  i s  1 0 0 / d i g e s t i b l e )  sh o u ld , 
by d e f i n i t i o n  f u l l y  ta k e  i n t o  a c c o u n t MFN. M e tab o lic  f a e c a l  n i t r o g e n  
and hence c a lc u la te d  DCP in ta k e  i s  d ep en d en t on DM in t a k e ,  th e r e f o r e  th e  
DCP in ta k e  on any d i e t  m ust be q u a l i f i e d  in  r e l a t i o n  to  th e  t o t a l  DM 
in t a k e ;a s  in d ic a te d  by th e  (ARC 1965) and  p e rh ap s  even th e  q u a l i t y  o f  
th e  ro u g h ag e . The recommended re q u ire m e n ts  fo r  p r o te i n  a r e  t a b u la te d  a s  
a v a i la b l e  p r o t e i n  (AP) w hich  i s  c o n v e rte d  to  DCP by a d d in g , 13*4 ^  DM 
in ta k e  k g /d a y , A ssuu ing  no i n t e r a c t i o n  betw een th e  d i e t a r y  com ponents, 
th e  more s tra w  t h a t  i s  consumed th e  g r e a t e r  w i l l  be th e  MFN o u tp u t and 
th e  d is c re p a n c y  betw een c a l c u la te d  DCP in ta k e  and t h a t  a p p a r e n t ly  d ig e s te d ^  
sh o u ld  expand a c c o rd in g ly .
T here may be a p e c u l i a r i t y  o f  v e ry  low n it ro g e n , f o r  ex an p le  
p re d o m in a n tly  s tra w  d i e t s  to  show, i r r e s p e c t i v e l y  o f  DM in ta k e  a  g r e a t e r  
d is c re p a n c y  betw een c a l c u la te d  DCP in ta k e  and t h a t  a p p a r e n t ly  d ig e s t e d ,  
th a n  f o r  o th e r  d i e t s ,  f o r  exam ple when good hay i s  th e  p red o m in an t 
ro u g h ag e . T h is phenomenum r e q u i r e s  f u r t h e r  e x a m in a tio n .
A lthough th e r e  w ere no n o t i c e a b le  a d v a n ta g e s  o f  g iv in g  u re a  in  a 
fe e d b lo c k  f r e q u e n t ly  r e l a t i v e  to  o n ce /d ay , in  te rm s o f  roughage 
u t i l i s a t i o n , i t  i s  p o s s ib le  t h a t  in  o th e r  c irc u m s ta n c e s  ( e . g .  energ y
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d e f i c i t )  f r e q u e n t  a d m in is t r a t io n  o f  u re a  m igh t be im p o r ta n t .  Any 
re sp o n s e  to  NPN su p p le m e n ta tio n ;c o m p a re d  to  th e  in ta k e  and d i g e s t i b i l i t y  
o f  roughage a l o n e , i s  a lw ays l i k e l y  to  be c o n s id e ra b ly  g r e a t e r  th a n  any 
a d d i t i o n a l  re sp o n se  co n ce rn ed  w ith  th e  p a t t e r n  o f  g iv in g  th e  NPN. In  th e  
p r e s e n t  e x p e rim en t a  sm a ll b u t s i g n i f i c a n t  d i f f e r e n c e  betw een NPN- 
su p p le m e n ta tio n  and no N PN -supp lem en tation  o f  1 1 / v;as d e te c te d *
W h ils t s e n s i t i v e  enough to  i d e n t i f y  g ro s s  d i f f e r e n c e s  in  th e  q u a l i t a t i v e  
n u t r i t i o n  o f  th e  cows th e  p r e s e n t  ex p erim en t was n e v e r  l i k e l y  to  i d e n t i f y  
a  p o s s ib le  more s u b t l e  r e s p o n s e , d ep en d en t on how th e  d i f f e r e n c e  in  
q u a l i t a t i v e  n u t r i t i o n  was e f f e c te d *  A p o s s ib le  ad v a n ta g e  o f  ' s e l f - h e l p '  
system s o f  g iv in g  su p p lem en ta ry  NPN compared w ith  'h a n d - f e e d in g ' 
r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n ,  p a r t i c u l a r l y  under c irc u m s ta n c e s  where 
a s  en e rg y  d e f i c i t  e x i s t s ,  a s  i s  commonly th e  ca se  w ith  b re e d in g  cows and 
ewes k e p t u n d er h i l l  c o n d i t io n s .  However th e  m agn itude  o f  any p o s s ib le  
ad v an tag e  i n  te rm s  o f  im proved roughage u t i l i s a t i o n  due to  fre q u e n c y  o f  
NPN i n t a k e ; i s  a lw ays l i k e l y  to  be below  any re sp o n se  r e s u l t i n g  from  NPN 
su p p le m e n ta tio n  com pared to  no s u p p le m e n ta tio n .
.310,
B The e f f e c t  o f  fe e d b lo c k  in g r e d i e n t s ,  in c lu d in g  EC feed  on th e  u t i l i s a t i o n
o f  ro u g h ag es
The m ost e x te n s iv e ly  u sed  fe e d b lo c k - ty p e  a t  p r e s e n t  i n  th e  U n ited  
lü.ngdom i s  m arke ted  u n d er th e  p r o p r i e t a r y  name, R unievite , The shape , 
method o f  m a n u fa c tu re , and in te n d e d  r o l e  o f  Rum evite fe e d b lo c k s  in  
an im al p ro d u c tio n  system s has  c l e a r l y  been d e s c r ib e d  in  th e  I n t r o d u c t io n  
to  t h i s  th e s i s *  The p r i n c i p a l  aim o f  Rum evite fe e d b lo c k s  i s  c la im ed  to  
be th e  enhancem ent o f  roughage u t i l i s a t i o n *  S e v e ra l  d i f f e r e n t  Rum evite 
fe e d b lo c k  fo rm u la tio n s  a p p a r e n t ly  e x i s t  w hich p ro b a b ly  d i f f e r  o n ly  
m in im a lly  in  chem ica l c o m p o s itio n . T hroughout t h i s  t h e s i s  two o f  th e s e  
Rum evite b lo c k s  (RS and RHE) have been s tu d ie d  in  d e t a i l ,  th e  t y p i c a l  
ch em ica l co m p o sitio n  o f  th e s e  b lo c k s  i s  g iv e n  in  T ab le  1 . The fo rm u la tio n  
o f  th e  RS fe e d b lo c k  a c c o rd in g  to  S a r i f -S a rb a n  and Menke (1 9 ?0 ) i s  500 g 
m a ize , 150 g s a l t ,  60 g u r e a ,  30 g m in e ra l  m ix tu re  and 260 g EC fe e d  
( d i s t i l l e r s  m o la sse s  d r ie d  s o lu b le s ) /k g  DM, The p o s s ib le  e f f e c t s  o f  
u re a  and su p p lem en ta ry  c a rb o h y d ra te  on roughage u t i l i s a t i o n  have a l r e a d y  
been rev iew ed  i n  t h i s  S e c t io n  and i t  a p p e a rs  c o n c lu s iv e ly  t h a t  
su p p lem en ta ry  n i t r o g e n  a n d /o r  c a rb o h y d ra te  can im prove u t i l i s a t i o n  u n d er 
c e r t a in  c irc u m s ta n c e s .  T h is  i s  u s u a l ly  r e f l e c t e d  i n  an in c re a s e d  
v o lu n ta ry  roughage in ta k e  a n d /o r  d i g e s t i b i l i t y .
The m in e ra l  in c lu s io n  in  RS fe e d b lo c k s  cou ld  im prove roughage 
u t i l i s a t i o n  by a l l e v i a t i n g  a s p e c i f i c  d i e t a r y  d e f ic ie n c y  o f  a  m in e r a l ,  
f o r  exam ple p h o sp h o ru s . However Rum evite fe e d b lo c k s  a r e  e x c e p t io n a l ly  
low in  p h ospho rus  (2*8 and 3*8 g P /k g  f o r  th e  RS and RHE b lo c k s  
r e s p e c t i v e l y ); r e l a t i v e  to  o th e r  fe e d b lo c k s  and b a r le y  (a b o u t 4*0 g P /k g ) .  
T h is  low p h ospho rus  in c lu s io n  r a t e  com bined w ith  th e  low  fe e d b lo c k  
in ta k e  in te n d e d  makes t h e i r  s u i t a b i l i t y  a s  p h osphorus supp lem en ts  
h ig h ly  d e b a ta b le .
.311c
U nlike  m ost c o n c e n tr a te  fo o d s , th e  m a jo r i ty  o f  fe e d b lo c k s  
( in c lu d in g  R um evite) c o n ta in  a p p r e c ia b le  in c lu s io n s  o f  sodium  c h lo r id e  
( s a l t ) » t o  a id  i n  in ta k e  c o n t r o l .  The s u i t a b i l i t y  o f  s a l t  a s  an a p p e t i t e  
r e g u la to r  has been rev iew ed  in  th e  In t r o d u c t io n  to  t h i s  t h e s i s .  High 
s a l t  in t a k e s  can be d e t r im e n ta l  to  a n i m a l s ,p a r t i c u l a r l y  i f  food  o r w a te r  
s u p p l ie s  a r e  r e s t r i c t e d .  T h is  may ta k e  th e  form  o f  a  p h y s io lo g ic a l  
d y s fu n c tio n  (B o lin ,  1949) o r  an  im pairm en t o f  d ig e s t iv e  f u n c t io n  (M oseley 
aiid J o n e s ,  1974)*
The p h y s io lo g ic a l  consequences  o f  a h ig h  s a l t  in t a k e  have a l r e a d y  
been re v ie w e d . The e f f e c t  o f  h ig h  s a l t  in ta k e s  on d ig e s t iv e  e f f i c i e n c y  
has been th e  s u b je c t  o f  s e v e r a l  s t u d i e s ,  th e  r e s u l t s  o f  w hich te n d  to  be 
c o m p lic a tin g . R iggs e t  a l .  (1953) w ere th e  o n ly  w o rk ers  t o  r e p o r t  an 
in c r e a s e  i n  d i g e s t i b i l i t y  w ith  h ig h  s a l t  r a t i o n s .  The d i g e s t i b i l i t y  o f  
a l l  n u t r i e n t s ,  p a r t i c u l a r l y  c ru d e  p r o t e i n ,  c ru d e  f i b r e  and  n i t r o g e n  f r e e  
e x t r a c t  a p p e a re d  t o  be i n c r e a s e d ,b u t  o n ly  two a n im a ls  w ere u sed  p e r  
t r e a tm e n t .  Meyer e t  a l .  ( l9 5 5 )  s tu d ie d  th e  d i g e s t i b i l i t y  and n i t r o g e n  
b a la n c e  o f  grow ing  and f a t t e n i n g  sheep  g iv e n  r a t i o n s  w ith  up to  128 g 
s a l t / k g .  No s i g n i f i c a n t  e f f e c t  was m easured  in  n i t r o g e n  d i g e s t i b i l i t y ,  
n i t r o g e n  r e t e n t i o n  o r  TDN o f  th e  b a s a l  r a t i o n .  A lso , no d e t r im e n ta l  
e f f e c t  was p ro d u ced  on d a i l y  l iv e - w e ig h t  g a in  o r  food c o n v e rs io n  
e f f i c i e n c y .  The h ig h  s a l t  in t a k e s  had no e f f e c t  on th e  number o f  
stom ach worms p r e s e n t .
The above w ork i s  l a r g e l y  i n  ag reem en t \>dth t h a t  o f  N elson  e t  
a l ,  ( 1955 ) who r e p o r te d  t h a t  s t e e r s  and w e th e rs  g iv e n  n o rm al and  h ig h  
s a l t  r a t i o n s  d id  n o t  s i g n i f i c a n t l y  d i f f e r  i n  t h e i r  a b i l i t y  to  d ig e s t  
o rg a n ic  m a t te r  and n i t r o g e n  f r e e  e x t r a c t .  However, th e re  was a  s l i g h t  
( b u t  non s i g n i f i c a n t )  d e c re a se  in  n i t r o g e n  r e t e n t i o n  f o r  b o th  s p e c ie s .  
R e c e n tly ,  M oseley and  Jo n es  (1974) have r e p o r te d  a  d e t r im e n ta l  
e f f e c t  o f  s a l t  when grow ing  w e th e rs  w ere g iv en  d i e t s  in c r e a s in g  i n  s a l t  
c o n te n t  from  26 to  74 g /k g . Dry m a t te r  in t a k e ,  o rg a n ic  m a t te r  i n t a k e
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and o rg a n ic  m a t te r  d i g e s t i b i l i t y  w ere s i g n i f i c a n t l y  red u ced  a t  th e  
h ig h e s t  s a l t  i n t a k e .  T here  was a l s o  a  r e d u c t io n  in  l iv e - w e ig h t  g a in  
and e f f i c i e n c y  o f  u t i l i s a t i o n  o f  d i g e s t i b l e  o rg a n ic  m a t te r  w ith  in c r e a s in g  
s a l t  s u p p le m e n ta t io n . Serum ca lc iu m  and magnesium c o n c e n tr a t io n s  w ere 
s i g n i f i c a n t l y  lo w ered  a s  a  r e s u l t  o f  s a l t  s u p p le m e n ta tio n . S a l t  im proved 
th e  a p p a re n t  a v a i l a b i l i t y  o f  sodium;, po tassi.um , magnesium and ca lc iu m  b u t 
red u ce d  t h a t  o f  ph o sp h o ru s  and n i t r o g e n .
The e f f e c t  o f  sodium  and p o ta ss iu m  c h lo r id e  i n  d i e t s  i n  th e  en erg y  
m e tab o lism  o f  sheep  has been s tu d ie d  by Kromann and  Ray (196?) and by 
Jack so n , Kromann and Ray ( l9 7 l ) »  The sodium c h lo r id e  l e v e l s  g iv e n  ( l 8 ,
33f 48 , 38 and 76 g /k g  DK), l i n e a r l y  d e c re a se d  w e ig h t and energy  g a in , 
empty body w e ig h t and en erg y  and p e rc e n ta g e  c a r c a s s  f a t*  P o ta ss iu m  
(7 to  30  g /k g  DM) a l s o  l i n e a r l y  d e c re a se d  en e rg y  and w e ig h t g a in jb u t  d id  
n o t s i g n i f i c a n t l y  in f lu e n c e  th e  o th e r  c r i t e r i a *  High l e v e l s  o f  sodium  
(30  g N a/kg DM) w ere more d e t r im e n ta l  to  groivth and en erg y  r e t e n t i o n  th a n  
th e  h ig h e r  l e v e l s  o f  p o ta ss iu m  (30  g K/kg DM), s in c e  sodium  was 
d e t r im e n ta l  j u  a l l  t h e  c r i t e r i a  and p o ta ss iu m  was o n ly  d e t r im e n ta l  to  
en erg y  and w e ig h t g a in .
The p u b lis h e d  d a ta  on th e  e f f e c t  o f  h ig h  d i.e ta ry  s a l t  in t a k e s  on 
th e  p erfo rm an ce  and h e a l th  o f  ru m in a n ts  s u g g e s ts  t h a t  t h e r e  a r e  
u n d o u b te d ly  c irc u m s ta n c e s  w here a  h ig h  s a l t  in t a k e  may cau se  d e t r im e n t .
I t  was one o f  th e  o b je c t iv e s  o f  th e  fo llo w in g  e x p e rim en t to  exam ine th e  
e f f e c t  o f  th e  s a l t  i n c lu s io n  i n  a fe e d b lo c k  (R um evite) on roughage 
u t i l i s a t i o n .
I t  i s  c la im ed  by th e  m a n u fa c tu re rs  o f  Rum evite fe e d  b lo c k s  t h a t  
th e  in g r e d i e n t  EC fe e d  "w ill im prove roughage u t i l i s a t i o n  by am ounts up 
to  50^  ( e . g .  S c o t t i s h  Farm er, Nov 17, 1 9 7 3 ). T here i s  no p u b lish e d  
com m unication to  v e r i f y  t h i s  c la im . On th e  c o n t r a r y ,  in  th e  o n ly  
s c i e n t i f i c  r e p o r t  w here EG fe e d  h as  been  exam ined, U nsworth e t  a l ,  (1 9 6 6 ), 
r e v e a le d  a  d e t r im e n ta l  e f f e c t  o f  EC fe e d  on hay d i g e s t i b i l i t y .  In  v iew
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o f  th e  em phasis p la c e d  on th e  c la im ed  a b i l i t y  o f  EC fe e d  to  enhance 
roughage u t i l i s a t i o n  by th e  m a n u fa c tu re rs  and th e  c o n t r a d ic to r y  n a tu re  
o f  th e  work o f  Unsworth e t  a l .  (1 9 6 6 ), two ex p erim en ts  w ere c a r r i e d  o u t 
to  e v a lu a te  th e  in g r e d ie n ts  o f  Rum evite fe e d b lo c k s , p a r t i c u l a r l y  EC fe e d , 
w ith  r e s p e c t  to  roughage u t i l i s a t i o n .
Expt 13 .1  The e f f e c t  o f  t he  maj o r  in g re d i e n ts  o f  Rum evite f e e d b lo cks 
g iv e n  in d iv i d u a l l y  and in  co m b in a tio n  on th e  d i g e s t i b i l i t y  o f  ro u g h ag es
M a te r ia ls  and M ethods
T h i r ty  a d u l t  (B o rd e r L e ic e s te r  x  C h ev io t and B order L e i c e s te r  x  
S c o t t i s h  B la c k fa c e )  w e th e r s ,  w e ig h in g  46 t o  80 k g ,w ere  a l l o c a t e d  to  s i x  
e q u a l g roups a c c o rd in g  to  b re e d  and l i v e  w e ig h t. Each group o f  sheep  
was a r ra n g e d  in  a 5 x  3 Lab in  sq u a re  d e s ig n  and th e  a n im a ls  c o n fin e d  i n  
m e tab o lism  c h a g e s . Two L a tin  s q u a re s  (lO  w e th e rs )  w ere g iv e n  a  f ix e d  
a l l o c a t i o n  (a p p ro x im a te ly  320 g DM) o f  one o f  th e  fo llo w in g  chopped 
ro u g h ag es , b a r le y  s tra w , tim o th y  hay ( f u l l  se e d ) o r  meadow hay  (good 
q u a l i t y ) .  The roughages u sed  w ere chosen  on th e  b a s i s  o f  t h e i r  c rude  
p r o t e i n  and c ru d e  f i b r e  c o n te n ts  (T a b le  49)»,such t h a t  a  g ra d a t io n  in  
q u a l i t y  o c c u rre d  from  s tra w  to  good h ay . D i g e s t i b i l i t y  e s t im a te s  o f  
th e s e  roughages a lo n e  w ere o b ta in e d  a f t e r  co m p le tio n  o f  two tr e a tm e n t  
p e r io d s  o f  th e  L a t in  s q u a re .
The c o n s ta n t  q u a n t i ty  o f  roughage g iv e n  each  day to  each  sheep 
was, d e te rm in e d  by th e  amount o f  b a r le y  s tra w  consumed on a v e ra g e . Thus 
i t  was hoped t h a t  d i f f e r e n c e s  in  th e  l e v e l  o f  roughage consum ption  w hich 
m ig h t o th e rw is e  a f f e c t  d i g e s t i b i l i t y  w ould be e l im in a te d .  The roughage 
a l l o c a t i o n s  w ere g iv e n  i n  two a p p ro x im a te ly  e q u a l d a i ly  fe e d s  (0 8 ,0 0  
and 1 6 ,0 0  h r ) .  R esid u es  ( s t r a w  t r e a tm e n ts  o n ly )  w ere c o l l e c t e d  p r i o r  to  
each  m orning fe e d  and sam ples r e t a in e d  f o r  DM d e te rm in a t io n .
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T ab le  49» E>pt 1 3 . 1 . Mean Compos i t i o n  o f  foods
B a rle y
s tra w
Tim othy
hay
Meadow
hay
B a rle y EC fe e d
CP 3 I 06 54 .2 8 1 .1 9 1 .4 9 1 .7
CF 4 4 4 .7 3 0 4 .6 294 .5 3 9 .3 0 .6
EE 1 2 .8 16 .7 1 5 ,7 1 8 .0 1 .1
NFE 461 .3 577.9 551.1 8 3 0 ,3 565.5
Ash 4 9 .6 4 6 ,6 5 7 .6 2 1 .0 3 4 1 .1
Calcium 3 .7 0 3 .9 6 5 .07 0 .7 9 5 .9 0
P hosphorus 0 .7 6 3 .4 2 2 .4 0 3 .8 7 2 .5 0
Sodium 0 .5 2 0 .4 9 0 .6 2 0 .09 4 .3
P o ta ss iu m 11 .22 9 .7 3 18 .09 3 .7 9 79 .6 6
A d d i t io n a l ly  th e  fo llo w in g  f iv e  su p p lem en ts  based  on th e  fo rm u la tio n  o f  
Rum evite g iv e n  by S a r i f -S a rb a n  and Menke (1970) w ere o f f e r e d  a t  two 
l e v e l s  e q u iv a le n t  to  60 o r  120 g DM o f  R um evite .
At th e  60 g DM l e v e l
A) 30 g b a r le y  + 1*8 g m in e ra l  m ix tu re  (31*8 g DM)
B) 30 g b a r le y  + 1*8 g m in e ra l  m ix tu re  t  3*6 g u re a  ( 3 5 '4  g DM)
C) 30  g b a r le y  t  1*8 g m in e ra l  m ix tu re  + 15*6 g EC fe e d  (47*4 g DM)
D) 30  g b a r le y  + 1*8 g m in e ra l  m ix tu re  +  9*0 g s a l t  (40*8 g DM)
E) 30  g b a r le y  + 1«8 g m in e ra l  m ix tu re  + 3*6 g u re a  + 1 5 '6  g EG fe e d
+ 9*0 g s a l t  (60  g DM).
At th e  120 g DM l e v e l  th e  am ounts g iv e n  w ere e x a c t ly  d o u b le d .
For each  o f  th e  th r e e  ro u g h a g e s , a  low  and h ig h  l e v e l  o f  Rume\rite 
su p p le m e n ta tio n  was g iv e n . The am ounts o f f e r e d  were chosen  on th e  b a s i s  
o f  d a ta  c o l l e c t e d  from  o u tw in te re d  ew es,w here th e  v o lu n ta ry  in ta k e s  o f  
RS fe e d b lo c k s  v a r ie d  betw een a b o u t 60 to  120 g D M /head/day, Thus th e  
R um evite in g r e d i e n t s  w ere e v a lu a te d  a t  two l e v e l s  o f  s u p p le m e n ta t io n .
The fo rm u la .tio n  o f  R um evite q u o ted  by S a r if -S a rb a n  and Menke
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(1970) assum es 500 g m a iz e /k g  a s  th e  c e r e a l  com ponent; i n  th e  p r e s e n t  
ex p erim en t th e  m aize was s u b s t i t u t e d  on a  DM b a s is  w ith  b a r le y  (T a b le  49 
f o r  ch em ica l c o m p o s itio n ) . The m in e ra l  m ix tu re  u sed  h e re  was composed o f  
d ic a lc iu m  p h o s p h a te , c a lc iu m  c a rb o n a te  and a  p r o p r i e t a r y  t r a c e  e le m e n t /  
v ita m in  m ix i n  th e  r a t i o  o f  2 : 2 : 1 , a s  th e  e x a c t  c o m p o sitio n  o f  th e  
m in e ra l  m ix tu re  u sed  in  Rum evite was n o t d i s c lo s e d .
The s im u la te d  R um evite su p p lem en ts  w ere g iv e n  i n  a  lo o s e  m ix once 
d a i l y  (10*00 h r )>w ith  th e  m inor in c lu s io n s  o f  m in e ra l ,  u re a  and s a l t  
d is p e r s e d  th o u g h o u t th e  b a r le y  and EG feed*  On o c c a s io n s  EC fe e d  was 
i n i t i a l l y  r e j e c t e d ,b u t  a f t e r  m ix in g  m t h  th e  roughage t h i s  was consumed* 
W ater was a v a i l a b l e  a t  a l l  t im e s .
The w e th e rs  w ere eq u ip p ed  f o r  q u a n t i t a t i v e  f a e c a l  c o l l e c t i o n s  w ith  
h a rn e s s e s  and ru b b e r is e d  canvas bags f o r  i n t e r v a l s  o f  7 d a y s ,fo l lo w in g  
7 days o f  i n t r o d u c t io n  to  each  t r e a tm e n t .  F aeces w ere sam pled a c c o rd in g  
to  Method 1 in  th e  I n t r o d u c t io n  (P age 7 1 ) .  C om posite f a e c a l  sam ples 
w ere s u b se q u e n tly  a n a ly se d  f o r  DM, a s h ,  en erg y  and n i t r o g e n  u s in g  th e  
te c h n iq u e s  d e s c r ib e d  in  th e  I n t r o d u c t io n ,
The sheep  w ere rew eig h ed  upon co m p le tio n  o f  th e  e x p e r im e n t.
R e s u l ts
In  th e  c a l c u l a t i o n  o f  roughage a lo n e  d i g e s t i b i l i t y  when th e  
sup p lem en ts  w ere g iv e n , u re a  was assum ed to  be f u l l y  d i g e s t i b l e .  The 
DM and OM d i g e s t i b i l i t i e s  o f  th e  b a r le y  u sed  w ere assum ed to  be 80 and  
8 6 ^ ,r e s p e c t i v e l y .  The DE o f  th e  b a r le y  was assum ed to  be 16*7 M J/kg.
The d i g e s t i b i l i t y  o f  n i t r o g e n  in  th e  b a r le y  was ta k e n  to  be 7 6 ^ . These 
e s t im a te s  w ere d e r iv e d  from  th e  s ta n d a rd s  o u t l in e d  by MAFF e t  a l ,  ( l9 7 5 ) .
F o r exam ple, a  c ru d e  p r o t e i n  i n  b a r le y  o f  108 g /k g  r e s u l t s  i n  a  DCP o f
82 g /k g  o r  a  n i t r o g e n  d i g e s t i b i l i t y  o f  76^ . No d i g e s t i b i l i t y  e s t im a te s  
f o r  EC fe e d  co u ld  be d i s c o v e r e d , th e r e f o r e  th e  r e s u l t s  make no a llo w a n c e
f o r  f a e c a l  c o n s t i tu e n t s  d e r iv e d  from  t h i s  i n g r e d i e n t .  The Î4E o f  EC
fe e d  was c a lc u la te d  to  be 9*1 M J/kg (MEF = 0 .0 1 2  CP + O.O3 I  EE -t
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0 .005  CF -1- 0 ,1 4  NFE, MAFF e t  a l .  1975) and DE 1 1 .2  M J/kg (DE -  ,
MAFF e t  a le  1975)« The g ro s s  en e rg y  o f  EC fe e d  was m easured  a s
12 .9  MJ/kg t h e r e f o r e  th e  en e rg y  d i g e s t i b i l i t y  o f  EC fe e d  was re a s o n a b ly
assum ed to  be 87%*
One w e th e r on th e  s tra w  roughage p lu s  t r e a tm e n t  D ( b a r le y ,  in in e r a l ,  
s a l t )  a t  th e  120 g l e v e l  o f  s u p p le m e n ta t io n , l o s t  a p p e t i t e .  T h is  
r e tu r n e d  when th e  su c c e e d in g  tr e a tm e n t  was o f f e r e d .  A r e p e a t  o f  t h i s  
t r e a tm e n t  was c a r r i e d  o u t w ith  a  com parab le  sp a re  a n im a l, k  second  
w e th e r on th e  s tra w  roughage p lu s  t r e a tm e n t  A ( b a r le y ,  m in e ra l  a lo n e )  
d ev e lo p ed  symptoms o f  c e re b ro  c o r t i c o  n e c ro s is^ w h ic h  re sp o n d ed  to  
t r e a tm e n t  w ith  a  c o u rse  o f  th ia m in e  h y d ro c h lo r id e  i n j e c t i o n s ;  th e  
a p p e t i t e  o f  th e  an im a l was im m ed ia te ly  r e s to r e d .
A ll  sheep  l o s t  w e ig h t d u r in g  th e  84 days o f  th e  ex p e rim en t 
v a ry in g  from  a b o u t 5 t o  27^ o f  t h e i r  i n i t i a l  l i v e  w e ig h t. D e ta i l s  o f  
th e  l iv e " w e ig h t  changes a r e  g iv e n  i n  T ab le  50 . The w e th e rs  g iv e n  good 
q u a l i t y  meadow hay  l o s t  s i g n i f i c a n t l y  ( P < 0 . 0 5 ) l e s s  l i v e  w e ig h t ( l3 « 3 /)?  
on a v e ra g e  th a n  th o s e  g iv e n  s tra w  (1 9 .4 ^ )*  The w e th e rs  g iv e n  th e  stemmy - 
tim o th y  hay had a  mean w e ig h t l o s s  ( l6 .0 % ) in te r m e d ia te  betw een th o s e  o f  
th e  b a r le y  s tra w  and meadow hay roughage  t r e a tm e n t  s », b u t th e  d i f f e r e n c e s  
w ere n o t s i g n i f i c a n t .  T here was no s i g n i f i c a n t  in f lu e n c e  o f  th e  l e v e l  
o f  R um evite su p p le m e n ta tio n  (6 0  o r  120 g DM) on th e  m agn itude  o f  th e  l i v e -  
w e ig h t l o s s e s .
The e f f e c t  o f  th e  R um evite c o n s t i tu e n t s  on roughage d i g e s t i b i l i t y  
i s  g iv e n  in  T ab le  51 . The q u a l i t y  o f  th e  roughage g iv e n  r a t h e r  th a n  ty p e  
o f  su p p le m e n ta tio n  was th e  p r i n c i p a l  d e te rm in a n t o f  d i g e s t i b i l i t y .  The 
mean DM d i g e s t i b i l i t i e s  o f  th e  b a r le y  s tra w , tim o th y  hay  and meadow hay 
g iv e n  w ith o u t s u p p le m e n ta tio n  w ere 4 5 .9 ,  5 4 .8  and 6 6 .6 ^ ,r e s p e c t iv e l y .
The e f f e c t  o f  l e v e l  o f  R um evite su p p le m e n ta tio n  on roughage d i g e s t i b i l i t y  
was n o t  s i g n i f i c a n t .  T here  was a t r e n d  a t  th e  120 g l e v e l  o f
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T ab le  50, E xpt 1 3 .1 . Mean l iv e - w e ig h t  changes (k g )
Roughage B a r le y  s tra w  Tim othy hay Meadovf hay
Rum evite 60 120 60 120 60 120
su p p le m e n ta tio n  (g  DM) 
l i v e  w e ig h t (k g )
I n i t a l  5 9 .6  6 0 .0  59 .9  5 8 .2  5 8 .0  5 9 .8
F in a l  47*1 . 4 9 .4  50 .8  4 8 .5  4 9 .7  5 2 .5
Loss 1 2 .5  1 0 .6  9 .1  9 .7  8 .3  7 .3
% Loss 17-7  1 5 .2  1 6 .7  14 .3  1 2 .2
1 9 .4  1 6 .0  1 3 .3
S ig n if ic a n c e
B a r le y  s tra w  >  Meadow hay  SED betw een 2 means ~  1-97
su p p le m e n ta tio n  f o r  th e  t r e a tm e n ts  c o n ta in in g  EC fe e d  (D and  E) to  have 
lo w er d i g e s t i b i l i t y  e s t im a te s  th a n  a t  th e  60 g l e v e l .  In  g e n e ra l  
how ever, th e  e f f e c t  o f  th e  in d i v id u a l  supp lem en ts  te n d e d  to  be s m a ll  and  
h ig h ly  v a r i a b l e , i r r e s p e c t i v e  o f  l e v e l  o f  su p p le m e n ta t io n .
B a r le y  p lu s  m in e ra l  a lo n e  o r  w ith  s a l t  had no s i g n i f i c a n t  e f f e c t  
on any  o f  th e  ro u g h a g e s . U rea d id  n o t  s i g n i f i c a n t l y  in c r e a s e  th e  
roughage d i g e s t i b i l i t y  and a t  th e  120 g le v e l^ g iv e n  to  th e  sheep  on 
meadow h a y , s i g n i f i c a n t l y  ( P < 0 .0 5 )  d e c re a se d  DM and OM d i g e s t i b i l i t y .
The c o rre sp o n d in g  t r e a tm e n ts  c o n ta in in g  EC fe e d , e i t h e r  w ith  o r  w ith o u t 
u re a  ( t r e a tm e n ts  C and E) a l s o  s i g n i f i c a n t l y  d e c re a se d  th e  DM, OM and  
n i t r o g e n  d i g e s t i b i l i t y  o f  th e  meadow h ay . The en e rg y  d i g e s t i b i l i t y  was 
low ered  on th e s e  t r e a tm e n t s , b u t t o  a  l e v e l  j u s t  s h o r t  o f  s t a t i s t i c a l  
s i g n i f i c a n c e .
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At th e  120 g su p p le m e n ta tio n  l e v e l  th e  tre a tm e n ts  c o n ta in in g  EC 
fe e d  (C and E) gave s i g n i f i c a n t l y  (P <  0*0$) low er n i t r o g e n  d i g e s t i b i l i t i e s  
(2 2 o6 and 2 3 .1 ^ ^ r e s p e c t iv e l y )  f o r  th e  tim o th y  hay, com pared w ith  th e  
o th e r  s u p p le m e n ta tio n  t r e a tm e n ts  (3 3 -7 , 3 3 -2  and 3 2 ,1 /  f o r  th e  b a r le y -  
m in e ra l  a lo n e , c a r le y - m in e r a l  p lu s  u re a  and b a r le y - m in e ra l  p lu s  s a l t  
t r e a t m e n t s , r e s p e c t i v e l y ) .
A ll  o th e r  t r e a tm e n t  com parisons w ere s t a t i s t i c a l l y  n o t s i g n i f i c a n t .  
The KE c o n te n ts  o f  th e  t h r e e  ro ughages u sed  a s  d e te rm in e d  from  th e  DE 
v a lu e s  w ere 9 .9 5  1' 0 ,1 3 , 8 .7 5  0 .1 2  and 10 .99  ± 0 .1 7  M J/kg f o r  th e
b a r le y  s tr a w ,  tim o th y  hay  and  meadow hay, r e s p e c t iv e l y .  The DCP c o n te n ts  
w ere 12*3 t  0 - 17 , 13*7 -  0 .2 1  and 3 9 .0  t  0 ,58  g /k g  f o r  t h e  b a r le y  s tra w , 
t im o th y  and meadow hay , r e s p e c t i v e l y .
P i s c u s s io n
The p la n e  o f  n u t r i t i o n  e x i s t i n g  i n  t h i s  e x p e rim en t was i n t e n t i o n a l l y  
su b -m a in te n a n c e . I t  was c o n s id e re d  t h a t  t h i s  w ould a p p ro x im a te  more 
c lo s e ly  to  th e  w in te r  s i tu a t io n ,w h e r e  h i l l  ewes a r e  o f te n  supp lem en ted  
w ith  low  in ta k e  f e e d b lo c k s .u n d e r  c irc u m s ta n c e s  w here n e t  l i .v e -w e ig h t lo s s  
co u ld  p o t e n t i a l l y  be c o n s id e r a b le .  The ME re q u ire m e n t f o r  m a in ten an ce  
o f  60 kg sheep  (MAFF e t  a l ,  1975) i s  6 ,8  MJ. In  th e  p r e s e n t  ex p e rim e n t 
th e  sh eep  g iv e n  0 ,5 2  kg o f  DM b a r le y  s tr a w  (ME =  6 ,9 5  K j/k g )  r e c e iv e d  a 
t o t a l  o f  4*2 and 4*7 MJ f o r  th e  60 and 120 g l e v e l s  o f  su p p le m e n ta tio n  9 
r e s p e c t i v e l y  ( th e  b a r le y  s u p p lie d  0 ,4 1  and 0 .8 2  MJ and th e  EC fe e d  
s u p p l ie d  an  e s t im a te d  0 ,1 4  and 0 .2 8  MJ ME a t  th e  60 and 120 g l e v e l s ,  
r e s p e c t i v e l y ) .  T h e re fo re  th e y  r e c e iv e d  62 to  6 9 / o f  t h e i r  mean ME 
re q u ire m e n ts  f o r  m a in te n a n c e .
The sheep g iv e n  0 .5 2  kg tim o th y  hay (î4E — 8 .7 5  K j/k g )  r e c e iv e d  a 
t o t a l  o f  5 .1  and  5 .7  MJ ME a t  th e  60 and  120 g DM l e v e l s  o f  
s u p p le m e n ta t io n , r e s p e c t iv e ly .  T h is  am ounted to  betw een 75 and 8 4 /  o f  t h e i r  
mean ME re q u ire m e n ts  f o r  m a in te n a n c e . The sheep  g iv e n  0 .5 2  kg  DM. o f  meadow
hay (me =  10*99 MJ) r e c e iv e d  6 .3  and 6 ,8  MJ ME a t  th e  60 and 120 g 
l e v e l s  o f  su p p lem en ta tio n *  T h is  am ounted to  93 and 1 0 0 / o f  m a in tenance*  
These l e v e l s  o f  en erg y  n u t r i t i o n  a p p l ie d  to  a l l  t r e a tm e n ts  when b o th  
hs.rj.ey and  EC fe e d  w ere g iv e n , th e  o th e r  t r e a tm e n ts  A, B and D w ould 
su p p ly  s l i g h t l y  l e s s  e n e rg y . The l iv e - w e ig h t  l o s s e s j p a r t i c u l a r l y  on th e  
meadow hay t r e a tm e n ts ,w e re  above w hat m ight have been  ex p ec ted  from  th e  
am ounts o f  ME g iv e n . However t h i s  w e ig h t l o s s  in c lu d e s  a  14 -day  p e r io d  
when th e  sheep  r e c e iv e d  no su p p le m e n ta tio n  and c o n se q u e n tly  l e s s  en ergy  
(iQ  to  2 0 /)  i n  t o t a l .
In  a d d i t io n  to  th e  su b -m a in ten an c e  p la n e  o f  n u t r i t i o n  f o r  energy^ 
th e  sheep  w ere i n  m ost in s ta n c e s  r e c e iv in g  l e s s  th a n  t h e i r  mnimum 
re q u ire m e n ts  f o r  p r o t e i n .  A cco rd ing  t o  th e  ARC (1965) e s t im a te s ^  
c ro s s b re d  sheep  w eigh ing  60 k g ^ re q u ire d  37 and 38 g" DCP a t  th e  60 and 
120 l e v e l s  o f  s u p p le m e n ta t io n , r e s p e c t iv e ly .  IVhen g iv e n  e i t h e r  a lo n e  o r  
m t h  su p p le m e n ta tio n  th e  n i t r o g e n  d i g e s t i b i l i t y  (and  hence  DCP a p p a re n t ly  
d ig e s te d )  o f  th e  b a r le y  s tr a w  was n e g a t iv e .  The re a s o n  f o r  t h i s  was 
o u t l in e d  i n  E xpt 12,3* T h e re fo re  in  th e  co m p u ta tio n  o f  a  DCP in t a k e  
f o r  th e  sheep  on th e  p re d o m in a n tly  b a r le y  s tra w  t r e a tm e n t s ,a  v a lu e  o f  
9 g DCP/kg f o r  th e  s tra w  v/as assum ed (MAFF e t  a l .  1975)* The CP in  
EC fe e d  was ig n o re d ; u re a  was assum ed to  be f u l l y  d i g e s t i b l e  and th e  CP 
i n  th e  b a r le y  was ta k e n  to  be 7 6 /  d i g e s t i b l e .  The maximum c a l c u la te d  
DCP in t a k e s  on th e  supp lem en ted  b a r le y  s tra w  tr e a tm e n ts  w ere th e n  1 7 .2  
and 2 9 .8  g a t  th e  60 and 120 g l e v e l s  o f  s u p p le m e n ta t io n , r e s p e c t iv e ly ,o r  
47 and 7 8 /  o f  th e  DCP m a in ten a n ce  re q u ire m e n t .  On t r e a tm e n ts  su p p ly in g  
no u re a  much l e s s  DCP would be a v a i l a b l e .  The t r e a tm e n ts  s u p p ly in g  
a d d i t i o n a l  n i t r o g e n  a s  u re a  (B and  E) in c re a s e d  th e  CP o f  th e  d i e t  from  
3 .6  to  5 .4  and 4*1 to  7 , 2 /  a t  th e  60 and 100 g l e v e l s  o f  s u p p le m e n ta t io n , 
r e s p e c t iv e l y .
In  th e  co m p u ta tio n  o f  th e  DCP in ta k e s  by th e  sheep  on th e  t im o th y  
hay  d i e t s , t h e r e  was no t a b u la te d  v a lu e  o f  DCP f o r  a  hay w ith  a  CP a s  low
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a s  54*2 g /k g -  The in  v iv o  a p p a re n t  d ig e s t io n  o f  th e  CP i n  t h i s  hay,w hen 
g iv e n  a lo n e  to  sheep  was 2 5 .3 / ,  g iv in g  a  DCP c o n te n t o f  13-7  g /k g . T h is 
v a lu e  may be u n s u i ta b le  in  a c a l c u l a t i o n  when com parison  w ith  th e  ARC 
( 1965 ) re q u ire m e n ts  i s  m ade ,because  o f  th e  d is c re p a n c y  betw een 
c a l c u la te d  DCP in ta k e  and DCP a p p a r e n t ly  d ig e s te d  f o r  p o o r  q u a l i t y  
roughage d ie ts *  N e v e r th e le s s ,  13*7 g DCP/kg was th e  o n ly  e s t im a te  
a v a i la b l e  f o r  use* The DCP in t a k e s  w ere th e n  a  maxinum o f  19*7 and 
3 2 ,2  g /i ie a d /d a y  on th e  t r e a tm e n ts  s u p p ly in g  u rea , a t  th e  60 and 120 g 
l e v e l s  o f  su p p le m e n ta tio n , r e s p e c t iv e ly ,  o r  53 and 8 5 /  o f  th e  recommended 
in ta k e s  f o r  m a in te n a n c e .
The DCP c o n te n t o f  hay  o f  CP c o n te n t  85 g /k g  i s  g iv e n  a s  39 g /k g  
(MAFF e t  a l .  1975)* The meadow hay u se d  i n  th e  p r e s e n t  experim ient had 
a  CP o f  8 1 .1  g /k g  and an i n  v iv o  a p p a re n t  d ig e s t io n  o f  t h i s  CP when 
g iv e n  a lo n e  o f  37 g /k g .  T h e re fo re  th e r e  was v e ry  c lo s e  ag reem en t iv ith  
th e  good hay tre a tm e n ts ,b e tw e e n  th e  c a lc u la te d  DCP in ta k e  and t h a t  
a p p a r e n t ly  d ig e s te d .  The.DCP in t a k e s  on th e  meadow hay  tre a tm e n t,w h e n  
u re a  su p p le m e n ta tio n  was g iv e n  w ere 31*7 and 44*3 g o r  86 and 1 1 7 / 
o f  th e  am ounts r e q u ir e d  f o r  m a in te n a n c e ,a t  th e  60 and 120 g l e v e l s  o f  
s u p p le m e n ta t io n ,r e s p e c t iv e ly .  A lthough  q u a l i t a t i v e l y  n e v e r  d e f i c i e n t  i n  
CP ( th e  meadow hay  p e r  se  c o n ta in e d  8 1 .1  g C P /kg), when th e  meadow hay  
ivas g iv e n  a t  th e  low er (60  g ) l e v e l  o f  su p p le m e n ta tio n  a  q u a n t i t a t i v e  
d e f ic ie n c y  o f  DCP ( a l b e i t  s m a ll)  was fo u n d . T h e re fo re  a lth o u g h  i t  h as  
been c la im ed  (E a d ie , q u o ted  by A rm strong  and  T r in d e r  1966) t h a t  th e  
d i e t  s e l e c te d  by th e  h i l l  ewe i s  n e v e r  l e s s  th a n  87 g CP/kg in  
q u a l i t a t i v e  te rm s , w hich l a r g e l y  p re c lu d e s  a  s i g n i f i c a n t  r e s p o n s e  to  
n i t r o g e n  su p p le m e n ta t io n , th e r e  may be s i t u a t i o n s  i n  p r a c t i c e  w here 
a d d i t i o n a l  DCP i s  r e q u ir e d  due to  th e  v e ry  low  DM i n t a k e s .  In  th e  
p r e s e n t  experim ient th e  b a r le y  i n  th e  supp lem en ts gave 2 .4  to  4*9 g 
a d d i t i o n a l  DCP,
322.
D e s p ite  th e  su b -m a in ten an c e  p la n e  o f  p r o te i n  n u t r i t i o n , t h e  m ost 
l i k e l y  e x p la n a t io n  o f  th e  f a i l u r e  o f  any o f  th e  i n g r e d i e n t s  g iv e n  i n  
Rum evite to  show a  p o s i t i v e  e f f e c t  on roughage d i g e s t i b i l i t y , w a s  due to  
th e  s u b s t a n t i a l  en e rg y  d e f i c i t  on a l l  t r e a tm e n ts .  However, a s p e c i f i c  
d e f ic ie n c y  o f  a m in e ra l,  e . g .  p h o sp h o ru s , c an n o t be r u le d  o u t  p a r t i c u l a r l y  
on th e  b a r le y  s tra w  roughage t r e a tm e n ts .  The m a n if e s ta t io n  o f  any 
r e s u l t i n g ,  im p a ire d  d ig e s t iv e  fu n c t io n  v/ould p ro b a b ly  have been g ra d u a l 
m t h  d i f f e r e n c e s  i n  mean d i g e s t i b i l i t y  betw een p e r io d s .  These d id  n o t  
o c c u r .  The pho sp h o ru s  in t a k e s  o f  th e  sheep  g iv e n  b a r le y  s tra w  w ere
1 2 .0  and l 6 , 0  mg/kg l i v e  w e ig h t, th o s e  g iv e n  tim o th y  hay w ere 35 and 
38 mg/kg l i v e  w e ig h t and th o s e  g iv e n  meadow hay 26 and 30  mg/kg l i v e  
w e ig h t, a t  th e  60 and 120 g l e v e l s  o f  s u p p le m e n ta t io n ,r e s p e c t iv e ly .
These a r e  th e  p hospho rus in t a k e s  on. t r e a tm e n ts  when su p p le m e n ta tio n  was 
g iv e n . When roughage o n ly  was g iv e n  p h osphorus in t a k e  would be even 
lo w e r. The m in e ra l  in c lu s io n  in  th e  supp lem en ts  g iv e n  s u p p lie d  0 .1 3  
and 0 .2 5  g P /h e a d /d a y  a t  th e  60 ( l . 8  g m in e ra l)  and 120 g ( 3 .6  m in e ra l)  
l e v e l s , r e s p e c t i v e l y  ( th e  m in e ra l  m ix tu re  c o n ta in e d  400  g d ic a lc iu m  
p h o sp h a te  v /ith  175 g P /k g ) .  The ARC ( 1965 ) re q u ire m e n ts  o f  ph o sp h o ru s  
f o r  sheep  does n o t  t a b u l a t e  am ounts r e q u ir e d  f o r  m a in te n a n c e . Sheep 
w eig h in g  60 kg and grow ing a t  5 0 'g /d a y  r e q u i r e  80 mg P /k g .  T h e re fo re  
i t  would be re a s o n a b le  to  assum e t h a t  th e  w e th e rs  g iv e n  ba ,rley  s tra w  a t  
l e a s t  w ere i n  a  s i t u a t i o n  w here a p h ospho rus  d e f ic ie n c y  m ig h t have 
im p a ire d  d ig e s t iv e  f u n c t io n .
T h e re fo re  a second  p o s s ib le  e x p la n a tio n  f o r  th e  ab sen ce  o f  any 
re sp o n se  to  su p p lem en ta ry  n i t r o g e n ,p a r t i c u l a r l y  on th e  b a r le y  s tra w  
tr e a tm e n ts  may have been  due to  th e  ’m ask in g ' e f f e c t  o f  a p h osphorus 
d e f ic ie n c y .  N e v e r th e le s s  th e  am ount o f  phospho rus g iv e n  in  th e  m in e ra l  
m ix tu re  and th e  supplem ents, i n  g e n e ra l  ( 3 .8  g P /k g  in  t r e a tm e n t  E, 
e q u iv a le n t  to  R um evite) was i n  f a c t  g r e a t e r  th a n  u s u a l ly  m easured  i n  RS 
fe e d b lo c k s  (2 ,8  g P /k g , T ab le  1 ) ,  T h e re fo re  i f  a ph o sp h o ru s  d e f ic ie n c y
was i m p o r t a n t , i t  r e f l e c t e d  u n fa v o u ra b ly  a g a in s t  t h i s  p a r t i c u l a r  b lo c k , 
w hich a p p e a rs  to  be a  v e ry  low  so u rc e  o f  phosphorus *
The o n ly  s i g n i f i c a n t  e f f e c t  o f  th e  t r e a tm e n ts  g iv en ,w as  a  n e g a t iv e  
e f f e c t  o f  th o s e  c o n ta in in g  EC f e e d ,  C and E ,on  th e  n i t r o g e n  d i g e s t i b i l i t y  
o f  b o th  th e  hays and a l s o  th e  DM and OM (E o n ly )  o f  th e  meadow hay , 
Supplem entai-y u re a  g iv e n  in  t r e a tm e n t  B a l s o  s u r p r i s in g ly  gave a 
s i g n i f i c a n t  r e d u c t io n  in  th e  DM d i g e s t i b i l i t y  o f  th e  meadow hay  compared 
v jith  t r e a tm e n ts  A and D. The supp lem en t D p ro v id in g  th e  s a l t  in c lu s io n  
o f  R um evite fe e d b lo c k s  d id  n o t p e r  s e ,  ap p e a r to  be d e t r im e n ta l  to  any 
o f  th e  d i g e s t i b i l i t y  f r a c t i o n s  exam ined ,even  a t  th e  h ig h e r  le v e l*
The s i g n i f i c a n t l y  lo w er DM d i g e s t i b i l i t y  o f  th e  meadow hay w ith  
u rea ,co m p a red  to  th e  b a r le y  a lo n e  A, and b a r le y  p lu s  s a l t  D t r e a tm e n ts  
may be an  a r t i f r a c t ,  o th e rw is e  an  e x p la n a tio n  f o r  t h i s  o c c u rre n c e  i s  
d i f f i c u l t  to  o b ta in .  The lo w ered  d i g e s t i b i l i t y  w ith  some d i e t s  c o n ta in in g  
EC fe e d  i s  i n  ag reem en t w ith  U nsw orth e t  a l .  (1 9 6 6 ) , The re a s o n  f o r  t h i s  
n e g a t iv e  e f f e c t  on d i g e s t i b i l i t y  i s  a t  p r e s e n t  unknoM i, EC fe e d  i s  h ig h  
i n  p o ta ss iu m  (80  g K /kg) w hich has been  shoim (J a c k so n , Kromann and Ray 
1971 ) to  a d v e r s e ly  a f f e c t  energ y  and l iv e - w e ig h t  g a in  o f  grow ing lambs 
a t  betw een 7 and 30 g K/kg d i e t .  Sodium a t  s im i la r  l e v e l s  i n  th e  d i e t  
p roduced  an  e q u iv a le n t  r e s u l t .  I n c r e a s in g  l e v e l s  o f  sodium  in  th e  d i e t  
(17 t o  31 g N a/kg) a s  g iv e n  by M oseley and Jones  (1974)  a l s o  a d v e r s e ly  
a f f e c t e d  v o lu n ta ry  in ta k e  and OM d i g e s t i b i l i t y .  T h e re fo re  i t  i s  p o s s ib le  
t h a t  th e  sodium  and p o ta s s iu m  c o n c e n tr a t io n s  i n  th e  d i e t , o r  th e  
c o n c e n tr a t io n  o f  b o th  c a t io n s  com bined rrn.ght have been  s u f f i c i e n t ,  when 
EC was a d d i t i o n a l l y  g iv e n  to  lo w er d i g e s t i b i l i t y .  The meadow hay, o f  th e  
roughages g iv e n  had th e  h ig h e s t  c o n te n t  o f  b o th  p o ta ss iu m  ( I .8  g /k g ) and 
sodium ( 0 ,6 2  g /k g )  and i t  was w ith  t h i s  roughage t h a t  th e  n e g a t iv e  e f f e c t  
o f  su p p lem en ts  c o n ta in in g  EC fe e d  was m ost p ro n ounced .
The c o n c e n tr a t io n s  o f  sodium  i n  th e  d i e t  when tr e a tm e n ts  c o n ta in in g  
s a l t  p lu s  EC fe e d  w ere g iv e n  ( t r e a tm e n t  E) w ere 1 1 .5 ,  11 .5  and 11 ,8  g
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N a/kg f o r  th e  b a r le y  s tra w , t im o th y  hay  and meadow h ay  r e s p e c t i v e l y  a t  
th e  120 g l e v e l  o f  s u p p le m e n ta t io n . The c o n c e n tr a t io n s  o f  p o ta s s iu m  
in  th e  d i e t  when t r e a tm e n ts  ( l2 0  g l e v e l )  c o n ta in in g  EC w ere g iv e n  (C and 
E) w ere 1 3 .3 , 1 2 .1  and 1 8 .8  g K /kg f o r  th e  b a r le y  s tra w , tim o th y  hay and 
meadow h a y \ re s p e c t iv e ly *  The c o n c e n tr a t io n  o f  sodium , p e r  s e ,  i n  th e  
d i e t s  does n o t ap p e a r  to  be s u f f i c i e n t  to  be d e t r im e n ta l .  The 
c o n c e n tr a t io n  o f  p o ta ss iu m  in  th e  d i e t , p a r t i c u l a r l y  v d th  th e  meadow hay 
roughage (w hich a l r e a d y  h as  a h ig h  p o ta ss iu m  c o n te n t  18 ,1  g /k g )  i s  
w i th in  th e  ran g e  shovrn by Ja c k so n , Kromann and Ray ( l 9 7 l )  to  be 
d e t r im e n ta l  to  energy  and l iv e - w e ig h t  gain* The combined c o n c e n tr a t io n  
o f  b o th  sodium  and p o ta s s iu m  c a t io n s  (a b o u t 25, 24 and  31 g /k g  f o r  th e  
b a r le y  s tra w , t im o th y  hay and meadow h a y y re s p e c t iv e ly )  may be more 
im p o rta n t th a n  th e  in d iv id u a l  c o n c e n t r a t io n s .  The p re se n c e  o f  a  su b ­
m a in ten an ce  l e v e l  o f  n u t r i t i o n  may have e x a c e rb a te d  any  d e t r im e n ta l  
e f f e c t  o f  sodium  a n d /o r  p o ta ss iu m  i n  th e  d i e t .  F u r th e r  work i s  r e q u i r e d  
on th e  e f f e c t  o f  EC on roughage u t i l i s a t i o n  e s p e c i a l l y  in  a  s i t u a t i o n  
w here roughage in ta k e  i s  g iv e n  ad l i b i tu m  and v o lu n ta ry  consum ption  i s  
a l s o  m easu red . T h is  was th e  p u rp o se  o f  E xpt 1 3 .2 .
E xpt 1 3 .2 . The e f f e c t  o f  th e  m a jo r in g r e d i e n ts  o f Rum evite fe e d b lo c k s  
on th e  v o lu n ta ry  consum ption  and d i g e s t i b i l i t y  o f  roughages
In  E xpt 13 .1  th e r e  was a  com p le te  f a i l u r e  o f  any  o f  th e  R um evite 
i n g r e d i e n ts  to  e f f e c t  a  p o s i t i v e  re sp o n s e  on th e  d i g e s t i b i l i t y  o f  
ro u g h a g e s . T here  was a  te n d e n c y  f o r  th e  t r e a tm e n ts  c o n ta in in g  EC fe e d  
to  show th e  lo w e s t d i g e s t i b i l i t y  f o r  th e  p ro x im a te  f r a c t i o n s  s tu d ie d ,  
p a r t i c u l a r l y  w ith  th e  h ig h e s t  q u a l i t y  h ay . The o v e r a l l  p la n e  o f  
n u t r i t i o n  g iv e n  in  t h a t  e x p e r im e n t, i r r e s p e c t i v e  o f  roughage q u a l i t y  
was su b -m a in te n a n c e . T h is  was a lw ays th e  case  f o r  e n e rg y , v i r t u a l l y
alw ays f o r  p r o te in  and a l s o  f o r  p h o sp h o ru s , e s p e c i a l l y  on th e  b a r le y  
s tra w  roughage*
In  many h i l l  and o th e r  s i t u a t i o n s  w here su p p le m e n t-ty p e  fe e d b lo c k s  
a re  g iv e n ^ th e  d i e t  a v a i l a b l e  may be b o th  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  
d e f i c i e n t  a s  was in te n d e d  f o r  Expt 1 3 .1 ,  In  o th e r  s i t u a t i o n s  roughage i s  
a v a i l a b l e  in  ad l i b i tu m  q u a n t i t i e s  b u t may be o f te n  q u a l i t a t i v e l y  
d e f i c i e n t  in  c e r t a i n  n u t r i e n t s  such  a s  n it r o g e n  a n d /o r  p h o sp h o ru s . In  
Expt 1 3 .2  ad l ib i tu m  roughage was p ro v id e d  d i f f e r i n g  in  q u a l i t y  and th e  
e f f e c t  o f  th e  in g r e d i e n ts  o f  R um evite fe e d b lo c k s  on rougliage u t i l i s a t i o n  
was m easured  a s  b e f o r e ,b u t  now in c o r p o r a t in g  an e s tia n a te  o f  v o lu n ta ry  
roughage consum ption . The l e v e l s  o f  Rum evite su p p l.em en ta tio n  w ere a l s o  
s l i g h t l y  in c re a s e d  to  th e  i n g r e d i e n t s  p r e s e n t  in  e i t h e r  ?0 o r  14O g DM,
Due to  th e  l i m i t a t i o n  on e x p e r im e n ta l r e s o u rc e s  th e  e f f e c t  o f  th e  
s a l t  in c lu s io n  i n  R um evite fe e d b lo c k s  was n o t  e v a lu a te d  s e p a r a t e ly  and 
a d d i t i o n a l  s a l t  was g iv e n  i n  a l l  th e  t r e a tm e n ts .  In  E xpt 13*1 th e  
am ounts o f  su p p lem en ta ry  n u t r i e n t s  g iv e n ,a s  d e te rm in e d  by t h e i r  in c lu s io n  
in  th e  b lo c k  and th e  e s t im a te d  in ta k e  ran g e  ( i n  a  p r a c t i c a l  s i t u a t i o n ) ,  
w ere p e rh a p s  i n s u f f i c i e n t  to  fu n d a jn e n ta lly  im prove th e  n u t r i t i o n a l  
s t a t u s  o f  th e  sh e e p . T h e re fo re  in  th e  p r e s e n t  e x p e rim en t an a d d i t i o n a l  
tre a tm e n t,u n c o n n e c te d  w ith  th e  fo rm u la tio n  o f  RS fe e d b lo c k s  was in c lu d e d ,  
w here a  l a r g e r  am ount o f  n u t r i e n t s  was g iv e n . T h is  was in te n d e d  to  
ap p ro x im ate  to  a  n u t r i e n t  in ta k e  l e v e l  com m ensurate wi.th 'h a n d - f e e d in g ’, 
f o r  exam ple c o b s ,o r  c o n c e n t r a te s , o r  even to  th e  in ta k e  from  a  h ig h e r  
in ta k e ,  s u b s t i t u t e - ty p e  f e e d b lo c k .
M a te r ia ls  and M ethods
A p art from  th e  m o d if ic a t io n s  a l r e a d y  d e s c r ib e d , th e  p r e s e n t  
ex p e rim en t was e s s e n t i a l l y  s im i la r  i n  d e s ig n  and p ro c e d u re  to  E xpt 13*1. 
T h i r ty  a d u l t (B o rd e r  L e i c e s te r  x  C h ev io t and B order L e ic e s te r  x  S c o t t i s h  
B la c k fa c e )  w e th e rs  w eig liing  39 to  77 kg (Mean l i v e  w e ig h t 58 kg ) w ere 
a l lo c a t e d  to  s i x  e q u a l g roups a c c o rd in g  to  b reed  and 3i.ve w e ig h t .  Each
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group o f  sheep  ivas a r ra n g e d  in  a 5 x  5 L a t in  sq u a re  d e s ig n  and th e  
a n im a ls  c o n f in e d  in  m e tab o lism  c a g e s . Two l a t i n  sq u a re s  (lO  w e th e rs ) ,  
r e c e iv e d  b a r le y  straw ^ a  f u r t h e r  two sq u a re s  w ere g iv e n  hay I  and th e  
rem a in in g  two sq u a re s  re c e iv e d  hay I I*  As b e fo re  th e  roughages u sed  
w ere in te n d e d  to  p ro v id e  a  g r a d a t io n  i n  q u a l i t y  from  s tra w  to  good hay * 
In  p r a c t i c e  th e  d i f f e r e n c e  betw een th e  two hays was m in im a l. A ll  th e  
roughages w ere g iv e n  in  a sh red d ed  fo n n jid -th  a  c h o p - le n g th  o f  1 to  5 cms. 
D i g e s t i b i l i t y  and v o lu n ta ry ’- in t a k e  e s t im a te s  o f  th e  roughages w ere 
o b ta in e d  in  an  a d d i t i o n a l  17 -day  p e r io d ,u p o n  co m p le tio n  o f  th e  p e r io d s  
o f  each  l a t i n  s q u a re .  The m easurem ent o f  ad l ib i tu m  consum ption  o f  th e  
roughage e n t a i l e d  r e p le n is h in g  th e  in d iv id u a l  hay f e e d e r s  a t  l e a s t  fo u r  
tb n e s  d a i l y .  I t  was th e  i n t e n t i o n  t h a t  th e r e  sh o u ld  a lw ays b e - m a te r ia l  
l e f t  un consumed by n e x t  morning,, w hich was th e n  rem oved and a  s e p a r a te  
DM d e te rm in a tio n  c a r r i e d  o u t  on th e  7 -d ay  a c c u m u la tio n  o f  r e s id u e s .  The 
co m p o sitio n  o f  th e  fo o d s  g iv e n  i s  o u t l in e d  in  T ab le  52*
A d d i t io n a l ly  th e  f o l l o m n g  f iv e  t r e a tm e n ts  w ere o f f e r e d ,  th e  f i r s t  
fo u r  o f  w hich w ere b ased  on th e  fo rm u la tio n  o f  R um evite a s  g iv e n  by 
S a r if -S a rb a n  and Menke ( l9 7 0 )«  Those supp lem en ts b ased  on R im ievite w ere 
a g a in  o f f e r e d  a t  two l e v e l s  (70  and 140 g DM) o f  su p p le m e n ta t io n .
At th e  70 g DM l e v e l
A) 35 g b a r le y  + 2 .1  g m in e ra l  m ix tu re  + 1 0 ,5  s a l t  (4 7 .6  g DM)
B) 35 g b a r le y  + 2 .1  g m in e ra l  m ix tu re  t  1 0 .5  g s a l t  +  4*2 g u re a
(5 1 .8  g DM)
C) 35 g b a r le y  t  2 ,1  g m in e ra l  m ix tu re  + 1 0 ,5  g s a l t  + 1 8 .2  g EG fe e d
(6 5 .8  g DM)
D) 35 g b a r le y  +  2 .1  g m in e ra l  m ix tu re  + 10 ,5  g s a l t  +  1 8 .2  g EC fe e d
(7 0  g dm) + 4 .2  g u r e a .
E) 220 g b a r le y  t  2 .1  g m in e ra l  m ix tu re  + 1 0 ,5  g s a l t  t  1 0 .0  g u re a  
(2 4 2 .6  g DM).
T ab le  52. E xpt 1 3 ,2 . Mean co m p o sitio n  o f  foods (g /k g  DM)
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CP CF EE HFE Ash Ca P Mg Ha
Ba.rley s tra w 2 7 .6 403.9 1 3 .8 479 .9 7 4 .8 3 .3 1 .7 0 .9 0 .5
Hay I 64 ,8 2 9 4 .0 1 4 .7 5 71 .4 55.1 3 .0 1 .8 1 .0 0 .6
Hay I I 69 .3 3 2 3 .7 1 5 .2 542 .4 4 9 .4 3 .4 2 .0 1 .1 0 .6
Supplem ents
A 7 8 .9 nd nd nd 2 63 .3 4 .7 4 .1 9 .5 7 5 .8
B 2 6 7 .6 nd nd nd 2 5 5 .2 4 .5 3 .8 1 0 .7 7 2 .8
C 8 1 .1 nd nd nd 278 .8 1 7 .5 3 .7 1 0 .4 7 1 .8
D 2 3 6 .8 nd nd nd 2 62 .3 16,1 3 .7 8 .0 73 c l
E Low 223 .5 nd nd nd 8 1 .8 2 .4 3 .9 3 . 2 1 8 .8
High 2 1 9 .8 nd nd nd 155.1 5 .2 3 .7 6 .2 3 8 .1
3 2 8 .
The t r e a tm e n ts  A to  D■g iv e n  a t  th e  h ig h e r  14O g l e v e l  o f  
su p p lem en ta tio n ^  wei'e e x a c t ly  d o u b le d . At th e  h ig h e r  l e v e l  o f  
su p p le m e n ta tio n  only , th e  m in e ra l  and s a l t  in c lu s io n s  o f  t r e a tm e n t  E 
w ere d o u b le d  to  g iv e  4*2 g m in e ra l  m ix tu re  and 2 1 .0  g s a l t  ( th e  am ounts 
o f  b a r le y  and u re a  g iv e n  rem ained  u n ch an g e d ). T h e re fo re ,  a s  :ln E xpt 13*1, 
a  low  and h ig h  l e v e l  o f  su p p le m e n ta tio n  f o r  each o f  th e  t h r e e  roughages 
was g iv e n . In  th e  p r e s e n t  e:?q3er.ijnent th e  m in e ra l m ix tu re  u sed  was 
s u p p lie d  by Rumenco Co. L td . and c o n ta in e d  127 g Ca, 3 6 .1  g P , 233 g Mg 
and 1 .1  g Na/kgo The co m p o sitio n  o f  th e  supp lem en ts  g iv e n  i s  a l s o  
o u t l in e d  in  T ab le 52. In  c o n t r a s t  to  E iipt 13 .1  th e  lo o s e  m ix was 
a n a ly se d  r a t h e r  th a n  th e  in d iv id u a l  c o n s t i tu e n t s  (a l th o u g h  th e  co m p o sitio n  of 
EG fe e d  was e q u iv a le n t  to  t h a t  g iv e n  in  T ab le  49)* A l l  th e  su p p lem en ts  were 
g iv e n  a s  i n  E xpt 13 d  once d a i ly  (lO.OO h r ) .
Each t r e a tm e n t  was g iv e n  to  th e  sheep  a c c o rd in g  to  th e  L s i in  sq u a re  
d e s ig n  f o r  p e r io d s  o f  1? d a y s . The f i n a l  7 days o f  each  t r e a tm e n t  was 
u sed  f o r  th e  m easurem ent o f  v o lu n ta ry  roughage in ta k e  and d i e t  
d i g e s t i b i l i t y f o l l o w i n g  10 days o f  in t r o d u c t io n  to  each  ro u g h a g e / 
supp lem en t co m b in a tio n . The w e th e rs  w ere equ ipped  fo r  q u a n t i t a t i v e  
f a e c a l  c o l l e c t i o n s  w ith  h a rn e s s e s  and ru b b e r is e d  canvas bags and th e  
r e s u l t i n g  7 -d ay  f a e c a l  c o l l e c t i o n s  w ere sam pled a c c o rd in g  to  Method 2 
i n  th e  I n t r o d u c t io n  (P age 71 ) .  The DM, a sh , en erg y  and n i t r o g e n  
c o n te n ts  o f  th e  fa e c e s  w ere th e n  d e te rm in e d .
On day I 6 o f  each t r e a tm e n t  p e r io d  th e  sheep  w ere b le d  ( to  
d e te rm in e  ca lc iu m , p h o sp h o ru s , m agnesium , u re a  and FFA c o n c e n t r a t io n s )  
a t  li.O O  h r  (tw o h o u rs  a f t e r  g iv in g  th e  su p p le m e n ts ) . Upon co m p le tio n  o r  
e a c h  17-d ay  t r e a tm e n t  p e r io d  th e  sheep  w ere w eighed .
o f  d a ta
The r e s u l t s  f o r  each  l a t i n  sq u a re  w ere a n a ly se d  u s in g  a 
m u l t i v a r i a t e - a n a ly s i s  o f  v a r ia n c e ,  com puter program  (B io m ed ica l com puter
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p ro g ram s, no . Bîffî x  63)0  The mean v a lu e s  fo r  th e  t r e a tm e n ts  w i th in  each  
L a t in  sq u a re  w ere e x p re s se d  i n  r e l a t i o n  to  th e  roughage a lo n e  v a lu e s ,o n  
a  p lu s  o r  mj.nus b a s i s .  These a r e  r e f e r r e d  to  as  c o n t r a s t s  w ith  roughage 
a lo n e  (RA) in  th e  t a b l e s .  As th e  roughage a lo n e  t r e a tm e n t  was n o t  an 
i n t e g r a l  p a r t  o f  th e  L a t in  sq u a re  d e s ig n  and may have been b ia se d  by i t s  
o c c u rre n c e  a t  th e  end o f  th e  85 days ( t o t a l  d u r a t io n )  o f  each  L a t in  
sq u a re , a  s e p a r a te  s ta n d a rd  e r r o r  e s t im a te  (SE o f  c o n t r a s t )  had to  be 
c a l c u l a t e d 5b e fo re  com parisons betw een th e  roughage a lo n e  t r e a tm e n t  and 
th o s e  w ith in  th e  L a.tin  sq u a re s  co u ld  be made. For com parisons betw een 
th e  t r e a tm e n ts  w ith in  each  L a t in  s q u a r e >a second s ta n d a rd  e r r o r  (SE o f  
c o n t r a s t  d i f f e r e n c e s )  o f  lo w er m ag n itu d e  was u s e d . In  t h i s  way, 
s t a t i s t i c a l l y  v a l id  com parisons c o u ld  be c a r r i e d  o u t betw een th e  f i v e  
t r e a tm e n ts  o f  each  L a t in  sq u a re  ( s u p p le m e n ta t io n )  and a l s o  w ith  roughage 
a lo n e  (no s u p p le m e n ta t io n ) ,  A s tu d e n t i s e d  ran g e  t e s t  ( I 6 d e g re e s  o f  
(freed o m ) was u sed  to  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  
com parisons w here a p p r o p r ia te ,  W iere th e  s tu d e n t i s e d  ran g e  t e s t  
in d i c a te d  s i g n i f i c a n t  d i f f e r e n c e s ,  th e  u s u a l  t - t e s t  was u sed  to  exam ine 
in d iv id u a l  t r e a tm e n t  d i f f e r e n c e s .  The e f f e c t  o f  th e  t r e a tm e n t  in  al3.
L a t in  sq u a re s  was f u r t h e r  com pared u s in g  K e n d a ll’ s c o e f f i c i e n t  o f  
C oncordance (S ie g e l ,  N o n -P a ram etric  S t a t i s t i c s ) ,  w hich en ab led  th e  o v e r a l l  
ra n k in g  o f  th e  supp lem en ts  g iv e n  to  be exam ined.
R e s u lts
One w e th e r g iv e n  th e  b a r le y  s tra w , low  l e v e l  o f  su p p le m e n ta tio n  
tre a tm e n ts ,b e c a m e  p r o g r e s s iv e ly  w eaker d u r in g  p e r io d  5 and  was removed 
from  th e  e x p e rim e n t. The t r e a tm e n t  \ is l s r e p e a te d  w ith  a  com parab le s p a re  
a n im a l. A ll  w e th e rs  g iv e n  b a r le y  s tra w  l o s t  w e ig h t, - 1 7 .3  and -  1 0 .5 ^  
o f  t h e i r  i n i t i a l  l i v e  w e ig h t f o r  th e  low  and h ig h  l e v e l s  o f  su p p le m e n ta t io n , 
r e s p e c t iv e l y .  T h is  l iv e - w e ig h t  l o s s  in c re a s e d  to  - 2 5 .3  and -  2 0 .1 ^  
a f t e r  th e  sheep  had been g iv e n  s tra w  a lo n e  f o r  a  f u r t h e r  1? d a y s .
3 3 0 .
A ll  w e th e rs  g iv e n  hay p lu s  th e  su p p lem en ts  g a in e d  l i v e  w e ig h t,
\Vhen hay  I  was g iv e n  th e  mean l iv e - w e ig h t  g a in s  w ere 9 .3  and 1 7 .0 ^  o f  
th e  i n i t i a l  l i v e  w e ig h t a t  th e  low and h ig h  l e v e l s  o f  su p p le m e n ta t io n , 
r e s p e c t iv e l y ,  V/hen t h i s  hay  ( l )  was g iv e n  w ith o u t s u p p le m e n ta tio n  f o r  
a  f u r t h e r  17-d ay  p e r io d , th e  sheep  l o s t  w e ig h t to  g iv e  an  o v e r a l l  g a in  
o v e r th e  102 days o f  th e  e x p e rim en t o f  2 ,7  and 1 3 * 0 / ,r e s p e c t iv e l y .  The 
w e th e rs  g iv e n  hay I I  g a in e d  a  mean 1 2 .0  and 8 * 0 / l i v e  w e ig h t a t  th e  low  
and h ig h  l e v e l s  o f  s u p p le m e n ta t io n ,r e s p e c t iv e ly ,o v e r  an 85 -day  p e r io d .  
Wlien no su p p le m e n ta tio n  was g iv e n  f o r  a  f u r t h e r  17 days th e  sheep  l o s t  
l i v e  w eighty  to  a l e v e l  no d i f f e r e n t  from  th e  i n i t i a l  s t a r t i n g  w e ig h t.
The mean p a t t e r n  o f  l i v e  w e ig h t changes f o r  th e  s i x  p e r io d s  ( l0 2  d ay s) 
i s  p r e s e n te d  i n  F ig  25 f o r  th e  v a r io u s  roughages and l e v e l s  o f  
su p p le m e n ta t io n .
The mean e f f e c t  o f  th e  i n d i v id u a l  supp lem en ts  on l iv e - w e ig h t  
changes o f  th e  sheep  d u r in g  th e  1 7 -day  p e r io d s  when th e s e  w ere g iv e n , 
i s  o u t l in e d  in  T ab le  53 . S u p p le m e n ta tio n  in v a r i a b ly  in c re a s e d  l i v e -  
w e ig h t g a in  com pared to  roughage a lo n e ,b u t  th e  q u a l i t y  o f  th e  u n d e r ly in g  
roughage g iv e n  was more im p o r ta n t i n  d e te rm in in g  th e  m agn itude  o f  any 
l iv e - w e ig h t  change . W ith s tra w  t h e r e  was o n ly  one a v e ra g e  l iv e - w e ig h t  
g a in  ( t r e a tm e n t  E a t  th e  low  l e v e l  o f  su p p le m e n ta tio n )  o u t o f  th e  10 
tre a tm e n t/s u p p le m e n t c o m b in a tio n s . On hay th e  20 co m b in a tio n s  p rod u ced  
no l iv e - w e ig h t  lo s s e s ,o n  a v e ra g e . S ig n i f i c a n t  d i f f e r e n c e s  betw een th e  
roughage a lo n e  a n d /o r  betw een th e  tr e a tm e n t/s u p p le m e n t co m b in a tio n s  
o c c u rre d  o n ly  f o r  th e  b a r le y  s tra w , low  l e v e l  o f  s u p p le m e n ta tio n , l a t i n  
s q u a re .  The l i v e  w e ig h t - lo s s  on roughage a lo n e  was s i g n i f i c a n t l y  
g r e a t e r  th a n  f o r  a l l  th e  su p p le m e n ta tio n  t r e a tm e n ts .  T rea tm en t E (220 g 
b a r le y  +  10 g u r e a )  gave a  s i g n i f i c a n t l y  ( P < 0 ,0 5 )  lo w er l iv e - w e ig h t  
lo s s  th a n  A ( b a r le y ,  m in e ra l ,  s a l t ) .  T rea tm en t C (b a r le y ,  m i n e r a l , s a l t ,  
EC fe e d )  was b e t t e r  th a n  RA, and s l i g h t l y  w orse th a n  E , T here was no 
c l e a r  o v e r a l l  e f f e c t  o f  any  o f  th e  t r e a tm e n ts  on l iv e - w e ig h t  change a s
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F i g , 25 E xpt 13 .1  'Mean changes in  sheep  l i v e  w eig h t ( k g ) - f o r  
each  ro u g h a g e / le v e l  o f  su p p le m e n ta tio n  com bination  d u r in g  th e  
v a r io u s  17-day  p e r io d s  o f  th e  L a t in  sq u a re  and a l s o  when th e  
roughages w ere g iv e n  u n su p p lem en ted .
01
in d i c a te d  by a  n o n - s ig n i f i c a n t  v a lu e  f o r  K e n d a l l 's  c o e f f i c i e n t  o f  
concordanceo
T ab le  53. Expt 1 3 .2 , Mean l iv e - v æ ig h t changes ___ » (’5 sh e e p /g ro u p )
B arley sti'avf Hay I I
L eve l L H L H L H
R/V - 4 ,5 - 6.8 - 3 .8 -2 .3 - 5 .8 -4 .2
C o n tra s ts  v d th  RA A) 1 .3 4* 6 4*0 7 .0 7 .2 5 .6
B) 2 .5 5 .2 3 .8 3 .7 5 .8 4 .2
c ) 2 .3 4*8 4 .2 2 .4 7 .4 5 .8
D) 0 .5 6 .7 5 .8 5 .7 6*0 4 . A"
E) 5 .5 6 .6 6 .6 2 .7 7 .6 6*0
SE o f  c o n t r a s t 2 .0 3 .4 2 .3 3 .1 2 .2 2 .2
SE o f  c o n t r a s t  d i f f s 1 .2 1 .7 1 .4 2 .5 1 .6 1 .5
S tu d e n t is e d  ran g e 5 .89** 1 .7 5 2 .8 3 2 .6 0 1 .59 1 .7 0
S ig n if ic a n c e  RA <  E ; B,G ,  D 
C >  D
The mean e f f e c t  o f  th e  in d i v id u a l  supp lem en ts  on th e  v o lu n ta ry  
in ta k e  o f  th e  ro ughages  g i v e n , r e l a t i v e  to  no su p p le m e n ta tio n  i s  
o u t l in e d  i n  T ab le  54» A lthough  no in d iv id u a l  sq u a re  showed up a 
d i f f e r e n c e  betw een th e  f iv e  t r e a tm e n ts ,  o r  when compared w ith  roughage 
a l o n e , i f  th e  o v e r a l l  e f f e c t  o f  th e  t r e a tm e n ts  was ex an d n e d (30 com parison; 
6 L a t in  s q u a re s  x  5 t r e a tm e n ts )  th e r e  was a  s t r o n g  s u g g e s tio n  o f  a  
d i f f e r e n c e  (5% e v id en ce  o f  n o n -u n ifo rm i ty ) .  The o v e r a l l  ra n k in g  o f  th e  
t r e a tm e n ts  was B, E, A, D and C, S u p p lem en ta tio n  in c re a se d , a p p e t i t e  in
332.
T ab le  54. Exot I 3 . 2 , V o lu n ta ry  ro u g hage i n t a ke (g  D M /head/day)
(5  sh e e p / g ro u p )
B a r le y  s tra w l l Hay I I«  w H a m » # » # « .
L eve l L H L l-I L H
RA 652 753 1320 1388 1314 1272
C o n tra s ts  a d th  RA A) 100 149 38 16 84 68
B) 168 35 IS 106 36 60
c ) 10/4 13 -5 0 -76 -5 2 34
D) 12/4 109 “34 -8 32 34
E) 152 133 10 124 20 58
SE o f  c o n t r a s t 83 110 80 66 114 114
SE o f  c o n t r a s t  d i f f s 28 67 56 66 68 73
S tu d e n t is e d  ran g e 3 .4 3 2 .8 7 2 .2 2 2 .8 3 2 .8 3 2 .4 8
T ab le  55. E xpt 13*2, DM d i g e s t i b i l i t y  % _(5 sh e e p /g ro u p )
RtV 3 7 .5 4 0 .8 58 .1 54 .5 54 .7 54 .5
C o n tra s ts  w ith  RA A) 8 .6 8 ,6 4 .2 4 .5 1 .0 0 .6
B) 1 0 .5 6 .9 3 .5 7 .3 2 .7 9 .0
c ) 7 .1 8 .3 2 .4 4 .4 2 .6 5 .8
D) 7 .2 1 0 .7 1 .2 5 .9 0 .8 4 .3
E) 1 0 .4 1 2 .9 4 .5 8 .4 4 .8 6 .9
SE o f  c o n t r a s t 3 . 6 2 .6 3 .1 2 . 4 2 .2 3 . 0
SE o f  c o n t r a s t  d i f f s 2 .0 2 .1 1 .7 1 .8 1 .7 2 .4
S tu d e n t is e d  ran g e 2 .3 9
-1
3 .9 7 2 .7 1 3 .0 6 3 .4 4 4 . 99 '
-M-x-X"
S ig n i f ic a n c e  RA< E"
A <B  ,  E, C
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ev e ry  case  on s tr a w  and  in  m ost c a se s  w ith  th e  h a y s . On f iv e  o f  th e  s i x  
oc cas io n s  ,,v/hen a v o lu n ta ry  in ta k e  was m easured  l e s s  th a n  f o r  roughage (h ay ) 
un su pp lem en ted , EC fe e d  ( t r e a tm e n ts  C and D) was inv o lv ed *  The l a r g e s t  
in c r e a s e s  in  v o lu n ta ry  in ta k e  w ere w ith  th e  b a r le y  s tr a w  (low  l e v e l  o f  
s u p p le m e n ta tio n )  t r e a tm e n ts  B and E w here th e  in c r e a s e s  w ere 26 and 2 3 / ,  
r e s p e c t i v e l y .  An in c r e a s e  o f  2 0 /  in  s t r a w  consum ption was m easured  f o r  
t r e a tm e n t  A a t  th e  h ig h  l e v e l  o f  su p p lem en ta tio n *  T rea tm en t B a t  th e  
h ig h  l e v e l  o f  su p p le m e n ta tio n  o f  th e  b a r le y  s tra w  was l i t t l e  d i f f e r e n t  
from  th e  v o lu n ta ry  in t a k e  w ith  roughage a lo n e ,  t h i s  v/as m a in ly  due to  
a  v e ry  low  in d iv id u a l  in ta k e  on t h i s  t r e a tm e n t  i n  P e r io d  1*
S u p p lem en ta tio n  in v a r i a b ly  in c r e a s e d  DM d i g e s t i b i l i t y ,  m ost 
m arked ly  on th e  b a r le y  s tra w  t r e a tm e n ts  b u t s t i l l  q u i t e  im p re s s iv e ly  fo r  
th e  two hays* S ig n i f i c a n t  d i f f e r e n c e s  e i t h e r  w i.th in  th e  i n d i v id u a l  
Ig tt in  s q u a re s  o r  betw een t r e a tm e n ts  w i th in  th e  L a t in  s q u a re s  and  th e  
r e s p e c t iv e  roughage a lo n e  e s t im a te s ,o c c u r r e d  o n ly  once* T rea tm e n ts  B 
and E (h ig h  l e v e l )  p lu s  ad  l i b i tu m  hay  ( l l )  gave a  s i g n i f i c a n t l y  (P < 0 * 0 1  
and P <  0 ,0 5 )  in c re a s e d  DM d i g e s t i b i l i t y , t h a n  when hay  I I  was g iv e n  a lone*  
The DM d i g e s t i b i l i t y  in c re a s e d  from  5 4 .5  to  63*5 and 6 l , 4  f o r  t r e a tm e n ts  
B and E ,r e s p e c t iv e ly *  T rea tm en t A i n  th e  sq u a re  gave a s i g n i f i c a n t l y  
lo w er DM d i g e s t i b i l i t y  o f  th e  combined d i e t  th a n  t r e a tm e n ts  B, E o r  C 
(T ab le  5 5 ) .  V-Jhen th e  o v e r a l l  e f f e c t  o f  th e  5 t r e a tm e n ts  on DM 
d i g e s t i b i l i t y  was exam ined i t  was co n c lu d ed  t h a t  th e y  were n o t  e q u a l ly  
e f f e c t i v e  ( s i g n i f i c a n t  a t  P < O .O l) ,  The ra n k in g  o f  th e  t r e a tm e n ts  was 
E, B, A, D and C, T rea tm en t C was c e r t a i n l y  b e t t e r  th a n  RA and 
somewhat w orse th a n  E .
The OM d i g e s t i b i l i t y  o f  th e  com bined d i e t  r e l a t i v e  to  roughage 
a lo n e  was in c re a s e d  i n  e v e ry  ca se  by s u p p le m e n ta tio n . T here w ere no 
s i g n i f i c a n t  d i f f e r e n c e s  betw een t r e a tm e n ts  iv i th in  any  o f  th e  in d i v id u a l  
L a t in  s q u a re s  a t  th e  5 /  l e v e l  o r  g r e a t e r ,  a l th o u g h  th r e e  o f  th e  s i x  
sq u a re s  showed s i g n i f i c a n t  d i f f e r e n c e s  a t  th e  1 0 / l e v e l  (T a b le  5 6 ) ,
334
T ab le  56* E:xx)t 13 *2, OM d i g e s t ! b i l i t y  /  (5  sheep /g ro u p )
B a r le y  s tra w Hay I
L ev e l L H L H L H
RA 39.9 43.0 60.6 57.4 55.7 55.6
C o n tra s ts  w ith  RA. A) 9 .4 8 .0 2.3 5.1 0 .0 0.5
B) 10.7 6.7 1.8 6.0 2.1 7.9
c) 4.5 6.6 0.7 2.3 1 .7 2.3
D) 5.6 10.2 2.0 3.7 2.0 3.1
E) 9.6 11.3 3 .0 2 .4 2.2 6.2
SE o f  c o n t r a s t s 3.7 3.5 2.9 2.7 2.5 3.1
SE o f  c o n t r a s t  d i f f s 2.2 2.2 1.6 2.1 2 .0 2.5
S tu d e n t is e d  ran g e 4.02^ 3.05 4.28^ 2.43 1.6 K .W
T ab le  57» Expt 1 3 .2 ,  E nergy  d i g e s t i b i l i t y  /  and th e  ME in ta k e  MJ/head.
(5 sh e e p /g ro u p )
RA 3 6 .8 (3 c^ '  42 .2 (4 .3 )  54.2(10.2)  53.5(10.7)  51.0(10.0)  51 .1(9 .7)
C o n tr a s ts  v /ith  RA 
A) 8 .7 (5 .2 )  8 ,3 (7 .0 )
10 ,4(5 .9)B)
C )
D )
E )
7 .4 (5 .2 )  
7 .2 (5 .3 )  
11,2(7 .1)
4 .2 (5 .8 )  
4 .5 (5 .8 )  
7 . 1(6 ,8 ) 
9 . 1(8 , 2 )
5 .2(11 .8 )
4 .3(11 .6)
3 .7 (1 1 .1 )
0 .7 (10 ,5 )
5 .5(13.2)
2 ,9(11 .9)
4 .8(13 .1)
0 ,4(10 .9)
3 .2 (12,0)
8 .0(15 .3)
2 .2(11 .4)  
3 ,1(11, 2 ) 
2 ,7 (9 .6 )  
2 ,4 (11 .1 )  
4 .1 (12 ,8 )
2 , 9 ( 10. 0 ) 
9 ,2(11, 6)
7 .5(11 ,6)
3 .5 (1 0 ,9 )
6 ,7(12 .3)
SE o f  c o n t r a s t s
3 .7  4 .6
SE o f  d i f f s
2.5 2.5
S tu d e n t is e d  ran g e  
2.24 2.76
2.6
2.1
3.18
3.3
2.4
4.52"^
r a < e ' 
E > C ’'""^ a'
*
3.3
2.7
1.04
4.1
2.9
3.06
S ig n i f i c a n t  d i f f e r e n c e s  betw een th e  t r e a tm e n ts  a t  th e  1 0 /  l e v e l
ME in ta k e  MJ,
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T here was some s u g g e s tio n  o f  n o n -u n ifo rm lty  ( s i g n i f i c a n t  a t  P <  0 ,0 5 )  
o f  th e  trea tm e n ts^ w h en  th e  o v e r a l l  e f f e c t  on OM d i g e s t i b i l i t y  was 
examined* T rea tm e n t E seemed b e s t  fo llo w ed  by B, D, A and G* In  fo u r  
o f  th e  s i x  sq u a re  T rea tm en t C ( b a r le y ,  m inera]., s a l t ,  EG fe e d )  gave a 
OM d i g e s t i b i l i t y  c o n s id e ra b ly  below  t h a t  o f  t r e a tm e n t  A ( b a r le y ,  nLineral. 
s a l t ) o
T ab le  57 in c lu d e s  e s t im a te s  o f  th e  p e rc e n ta g e  en e rg y  d i g e s t i b i l i t y  
o f  th e  ro u g h ag es  when unsupp lem en ted  and o f  th e  combined d i e t  when 
su p p le m e n ta tio n  o ccu rred *  The c a l c u la te d  t o t a l  ME in t a k e s  (DE x  0*81) 
f o r  th e  i n d iv id u a l  t r e a tm e n ts  a r e  a l s o  in c lu d ed »
The en erg y  d i g e s t i b i l i t y  o f  th e  combined d i e t  r e l a t i v e  to  roughage 
a lo n e  was ev e ry id ie re  r a i s e d  by s u p p le m e n ta t io n , w ith  e v id en ce  o f  a  
s y s te m a tic  d i f f e r e n c e  betw een  tr e a tm e n ts  (P < 0 » 0 5 ) .  T rea tm en t E seemed 
b e s t ,  fo llo w e d  by B, w ith  A, C and D to g e th e r»  The t r e a tm e n t  
n o t ic e a b ly  im proved th e  e n e rg y  d i g e s t i b i l i t y  o f th e  com bined d i e t  ç, 
r e l a t i v e  to  roughage a lo n e  and hence t o t a l  ME in ta k e  i n  m ost c a se s  even 
w ith  good hay» S ig n i f i c a n t  d i f f e r e n c e s  w ere o n ly  o b ta in e d  f o r  one 
in d iv id u a l  s q u a re ,  (h ay  I  h ig h  l e v e l  o f  su p p le m e n ta tio n )»  In  t h i s  
sq u a re  T rea tm en t E gave a s i g n i f i c a n t l y  (P <  0 .0 5 )  h ig h e r  en erg y  
d i g e s t i b i l i t y  ( 6 l» 5 / )  when g iv e n  in  com bination  w ith  hay  I r r e l a t i v e  to  
th e  u nsupp lem en ted  hay  d i g e s t i b i l i t y  ( 5 3 .5 / ) .  T rea tm en t E a l s o  gave a 
s i g n i f i c a n t l y  h ig h e r  d i g e s t i b i l i t y  o f  th e  combined d i e t  th a n  t r e a tm e n ts  
C and  A, The DE c o n te n ts  o f  th e  roughages (mean o f  10 sh eep ) w ere 
e s t im a te d  to  be 7 .0 ,  9 .5  and  9 .4  MJ DE/kg f o r  th e  b a r le y  s tra w , hay I  
and hay 1 1 ,r e s p e c t iv e l y .  The ME c o n te n ts  (DE x  0 .8 1 )  w ere th e n  5 .7 ,  7 .7  
and 7 .6  MJ M E /k g ,re s p e c tiv e ly .
The n i t r o g e n  d i g e s t i b i l i t y  o f  th e  d i e t  was a lw ays r a i s e d  by 
su p p le m e n ta tio n  on th e  b a r le y  s tr a w  t r e a tm e n ts .  F or b o th  h a y s , n i t r o g e n  
d i g e s t i b i l i t y  was a lw ays ra is e d , by t r e a tm e n ts  B and E and low ered  by C. 
The l a r g e s t  in c r e a s e s  i n  n i t r o g e n  d i g e s t i b i l i t y  w ere o b ta in e d  w ith  th e
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s tra w  d i e t s ,  th e  n i t r o g e n  d i g e s t i b i l i t y  was s t i l l  n e g a t iv e  w ith
tr e a tm e n ts  A and G. E very  in d iv id u a l  sq u a re  gave e v id e n c e  o f
s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  tr e a tm e n ts '.  On th e  b a r le y  s tra w , 
low l e v e l  o f  s u p p le m e n ta tio n  sq u a re , t r e a tm e n ts  E, B and D w ere 
s i g n i f i c a n t l y  b e t t e r  th a n  G and A ( a l l  w ere b e t t e r  th a n  roughage a lo n e ) .  
L ikevd.se, a t  th e  h ig h  l e v e l  o f  su p p le m e n ta tio n , f o r  b a r le y  s tra w  d i e t s  
a  s im i la r  s i g n i f i c a n t  e f f e c t  o f  th e  t r e a tm e n ts  was re c o rd e d . On hay  I  
d i e t s  (low  l e v e l  o f  su p p le m e n ta tio n )  t r e a tm e n t  E was s i g n i f i c a n t l y  
h ig h e r  i n  n i t r o g e n  d i g e s t i b i l i t y  o f  th e  combined d i e t  th a n  e i t h e r  G, A 
o r  D. T rea tm en t B was a l s o  s i g n i f i c a n t l y  b e t t e r  th a n  e i t h e r  G o r  A.
At th e  h ig h e r  l e v e l  o f  s u p p le m e n ta tio n , t r e a tm e n t  E showed a 
s i g n i f i c a n t l y  h ig h e r  n i t r o g e n  d i g e s t i b i l i t y  th a n  t r e a tm e n ts  C and A. 
T rea tm en ts  B and D w ere a l s o  b e t t e r  th a n  G,
On hay I I  d i e t s ,  i r r e s p e c t i v e  o f  l e v e l  o f  su p p le m e n ta t io n ,
t r e a tm e n t  E was s i g n i f i c a n t l y  b e t t e r  (T ab le  5S) th a n  e i t h e r  C o r  A and 
a l s o  D (h ig h  l e v e l  o n ly ) .  T rea tm en t B gave a s i g n i f i c a n t l y  g r e a t e r  n i t ro g e n  
d i g e s t i b i l i t y  th a n  C ^at bo th  l e v e l s  o f  su p p le m e n ta tio n  and A and D a t  th e  
h ig h e r  l e v e l  o n ly .  The o v e r a l l  e f f e c t  o f  th e  f iv e  t r e a tm e n ts  on n i t r o g e n  
d i g e s t i b i l i t y  shov/ed t h a t  E was c l e a r l y  b e s t  fo llo w e d  by D and B, th e n  A 
and C. T here was s i g n i f i c a n t  e v id e n c e  o f  n o n -u n ifo rm ity  betw een th e  
t r e a tm e n ts  ( P < 0 , 0 l ) .  T rea tm en t C gave a h ig h e r  n i t r o g e n  d i g e s t i b i l i t y  
o f  th e  com bined d i e t  th a n  w ith  roughage a lo n e  on s tra w  d i e t s , b u t  
s l i g h t l y  low er when g iv e n  i n  co m b in a tio n  m t h  th e  h a y s . The am ounts o f  
CP a p p a re n t ly  d ig e s te d  when th e  rou g h ag es w ere g iv e n  xm supplem ented w ere 
- 1 2 ,5 ,  2 8 .1  and 3 0 .2  g CP/kg DM f o r  b a r le y  s tra w , hay I  and hay I I ^
r e s p e c t iv e l y .  The d i g e s t i b i l i t y  o f  CP i n  hay o f  v e ry  lovf d i g e s t i b i l i t y  
(MAFF e t  a l .  1975) i s  43/^, t h i s  i s  i n  v e ry  c lo s e  ag reem en t w ith  th e  mean 
(20 sh e e p ) n i t r o g e n  (CP) d i g e s t i b i l i t y  o f  th e  hays u sed  h e r e ,  4 3 .5 ^ . 
T h e re fo re  th e  am ounts o f  CP i n  th e  hays a p p a re n t ly  d ig e s te d  were an
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a c c u ra te  r e f l e c t i o n  on DCP c o n te n t ,  when unsupplenientedo
T ab le  58 a l s o  in c lu d e s  d e t a i l s  o f  th e  amovmts o f  CP a p p a re n t ly  
d ig e s te d  on th e  ro u g h ag es a lo n e  and w ith  th e  t r e a tm e n ts  o f  each  
in d iv id u a l  l a t i n  s q u a re .  These have a l s o  been com pared w ith  a  c a lc u la te d  
DCP in t a k e ,  assum ing u re a  to  be f u l l y  d i g e s t i b l e ,  th e  DCP c o n te n t o f  
b a r le y  to  be 82 g /k g  and th e  DCF c o n te n ts  o f  th e  h ays to  be a s  
c a l c u la te d  in  v iv o , when u n su p p lem en ted . The DCP o f  th e  b a r le y  s tra w  
was assianed t o  be 9 g /k g  (a  s t r a w  c o n ta in in g  38 g CP/kg w i l l  g iv e  a 
DCP o f  9 g /k g ; MAFF e t  a l .  1975) o r 2k% o f  th e  CP i n  th e  s tra w  i s  
d i g e s t i b l e .
As in  E xp t 1 2 o3 w ith  cows g iv e n  p re d o m in a n tly  s tra w  d i e t s  ( o a t ) ,  
th e  w e th e rs  i n  th e  p r e s e n t  e^ g e rim en t had  a n e g a t iv e  n i t r o g e n  
d ig e s t ib i l i ty ^ w h e n  s tr a w  a lo n e  and a l s o  tr e a tm e n ts  A and C (no u r e a )  
w ere g iv e n . The am ounts o f  CP in  th e  s tra w  d i e t s  a p p a re n t ly  d ig e s te d  
showed a  w ide d iv e rg e n c e  from  th e  c a l c u la te d  (AEG, 1965) DCP in t a k e s .
When th e  hay rou g h ag es  w ere su p p lem en ted , th e  am ounts o f  CP a p p a r e n t ly  
d ig e s te d  and th e  c a lc u la te d  DCP in ta k e s  were g e n e r a l ly  i n  c lo s e  
agreem ent, i n  c o n t r a s t  to  th e  s t r a w . When t r e a tm e n ts  A and C w ere 
com pared (w hich  o n ly  d i f f e r e d  i n  t h a t  C c o n ta in e d  EC f e e d ) ,  th e  am ounts 
o f  DCP d ig e s te d  on a v e ra g e  w ere 39 and 35 g ^ re s p e c t iv e ly .  Only f o r  one 
sq u a re  was C b e t t e r  th a n  A and  in  a l l  4 sq u a re s  C gave a lowez- amount o f 
CP a p p a r e n t ly  d ig e s te d ^ th a n  f o r  no su p p le m e n ta tio n  o f  th e  h a y s .
T rea tm e n ts  B and D a l s o  d i f f e r e d  i n  t h a t  D in c lu d e d  EC f e e d .  In  e v e ry  
in d iv id u a l  s q u a re  when hay  roughage was g iv e n , t r e a tm e n t  D (p lu s  EG fe e d )  
gave a  lo w er amount o f  CP a p p a r e n t ly  d ig e s te d  com pared w ith  t r e a tm e n t  B.
T ab le  59 in c lu d e s  d e t a i l s  o f  th e  p lasm a u re a  and b lo o d  p h ospho rus  
c o n c e n tr a t io n s  f o r  th e  sheep  in  th e  in d iv id u a l  L a t in  s q u a re s .  P lasm a 
FFA, c a lc iu m  and magnesium c o n c e n tr a t io n s  w ere a l s o  m easured  and 
a n a ly se d  b u t i t  was c o n s id e re d  u n n e c e ssa ry  to  t a b u la t e  th e s e  v a lu e s  due 
to  th e  sm a ll amount o f  a d d i t i o n a l  in fo rm a tio n  th e y  c o n t r ib u te d  to  th e
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e x p e rim e n t. The FFA c o n c e n tr a t io n s  w ere g e n e r a l ly  low ered  by 
su p p le m e n ta tio n  b u t t h e r e  was no c l e a r  ev id en ce  o f  any  t r e a tm e n t  b e in g  
d i f f e r e n t  from  th e  o t h e r s .  T here was c o n s id e ra b le  v a r i a t i o n  in  FFA 
c o n c e n tr a t io n s  betw een a n im a ls  on each  t r e a tm e n t , due to  e i t h e r  th e  
e r r a t i c  b io l o g ic a l  n a tu r e  o f  t h i s  p a r a m e te r ,o r  a l t e r n a t i v e l y  a  
s u b s t a n t i a l  a n a l y t i c a l  e r r o r .
P lasm a magnesium c o n c e n tr a t io n s  w ere everyw here d e c re a se d  by 
s u p p le m e n ta tio n  w ith  no c l e a r  p a t t e r n  em erging betw een th e  in d iv id u a l  
t r e a tm e n ts .  The b lo o d  c a lc iu m  c o n c e n tr a t io n s  (w hich w ere a lw ays wi.th.in 
th e  n o rm al ra n g e )  w ere a lw ays lo w ered  by s u p p le m e n ta t io n ,b u t th e r e  was 
no c l e a r  in d i c a t i o n  o f  w hich t r e a tm e n t  had th e  m ost e f f e c t .  T here w ere 
g e n e r a l ly  g r e a t e r  changes i n  b lo o d  ca lc iu m  c o n c e n tr a t io n s  o f  th e  sheep  
when g iv e n  th e  hays ( r e l a t i v e  to  roughage a lo n e )  th a n  w ith  b a r le y  s tr a w . 
P lasm a u re a  c o n c e n tr a t io n s  w ere g e n e r a l ly  in c re a s e d  by 
su p p le m e n ta tio n  o f  th e  b a r le y  s tra w  ro u ghage , and g e n e r a l ly  low ered  w ith  
hay  l i e  The e f f e c t  o f  su p p le m e n ta t io n  on th e  p lasm a u re a  c o n c e n tr a t io n s  
o f  sheep  g iv e n  hay 11 com pared w ith  su p p le m e n ta tio n  was i n c o n s i s t e n t .
As eoqDected th e  t r e a tm e n ts  (Bj> D and E) su p p ly in g  u re a  gave h ig h e r  
p lasm a u re a  c o n c e n tr a t io n s  th a n  th o s e  su p p ly in g  no u re a  (A and C ). Fihen 
th e  o v e i 'a l l  e f f e c t  o f  th e  f iv e  t r e a tm e n ts  on p lasm a u re a  c o n c e n tr a t io n s  
was exam ined th e r e  was e v id e n c e  o f  n o n -u n ifo rm ity  a t  P < 0 .0 1 «  T rea tm en t 
E gave th e  h ig h e s t  u re a  l e v e l s ,  fo llo w e d  by B and D, th e n  C and A, 
T rea tm en t C g e n e r a l ly  gave h ig h e r  l e v e l s  th a n  A b u t th e  e f f e c t  was l o s t  
when u re a  was a f r e a d y  g iv e n  i . e .  t r e a tm e n t  D was n o t  h ig h e r  th a n  B. The 
b lood  phosphorus c o n c e n tr a t io n s  w ere a l l  w ith in  th e  norm al ra n g e . There 
was a l s o  l i t t l e  d i f f e r e n c e  i n  b lo o d  phosphorus betw een th e  ro u g h ag es, 
i r r e s p e c t i v e  o f  p e r io d  o f  th e  L a t in  s q u a re s .
The d a ta  g e n e ra te d  i n  t h i s  ex p e rim en t was f u r t h e r  exam ined w ith  
r e s p e c t  to  c o r r e l a t i o n s  betw een th e  11 p a ra m e te rs  s tu d ie d .  T h is  
in v o lv e d  a n a ly s i s  o f  th e  r e s i d u a l  sum. o f  sq u a re s  and c r o s s -p ro d u c ts
341c
m a tr ix  (w ith  e q u a l p e r io d  e f f e c t s  a ssu m ed ). The o n ly  s i g n i f i c a n t  
c o r r e l a t i o n s  w ere betw een DM, OM and en e rg y  d i g e s t i b i l i t y ,  m t h  each  
o th e r .  V o lu n ta ry  roughage in t a k e  and DM, OM and en erg y  d i g e s t i b i l i t y .
A t h i r d  s e t  o f  c o r r e l a t i o n s  w ere o b ta in e d  betw een DM, OM and en e rg y  
d i g e s t i b i l i t y  w ith  b lo o d  p h o sp h o ru s .
D is c u s s io n
In  c o n t r a s t  to  E xpt 1 3 .1 , th e  d i g e s t i b i l i t y  r e s u l t s  g iv e n  a r e  f o r  
th e  com bined ro u g h a g e /su p p le m e n t d i e t  i n  th e  p r e s e n t  e x p e r jjn e n t. The 
d i g e s t i b i l i t y  o f  th e  com bined d i e t  sh o u ld  u s u a l ly  exceed  t h a t  o f  th e  
ro ughages g iv e n  a lo n e ,  due to  g r e a t e r  d i g e s t i b i l i t y  o f  th e  supp lem en t 
p o r t io n  o f  th e  d i e t ,  (m a in ly  b a r le y )  i r r e s p e c t i v e  o f  any  i n d i r e c t  
im provem ent o f  roughage  d i g e s t i b i l i t y  due to  th e  su p p le m e n ts . The lo w er 
th e  d i g e s t i b i l i t y  o f  th e  roughage th e  g r e a t e r  th e  im provem ent i n  
d i g e s t i b i l i t y  when th e  com bined d i e t  i s  g iv e n . In  E xp t 13«1, when 
rou g h ag e  a l l o c a t i o n  was f a r  below  a p p e t i t e , p a r t i c u l a r l y  f o r  th e  h a y s , 
th e  supp lem en ts  g iv e n  form ed a b o u t 10 and 19^ o f  th e  t o t a l  d i e t  a t  th e  
60 and 120 g l e v e l s  o f  s u p p le m e n ta tio n , r e s p e c t iv e l y .  T h e re fo re  an 
a t te m p t was made to  e l im in a te  th e  d i r e c t  e f f e c t  o f  im proved ,com bined  
d i e t  d i g e s t i b i l i t y ,  by m aking a llo w a n c e  f o r  th e  f a e c a l  o u tp u ts  due to  
th e  supp lem en t c o n s t i t u e n t s .  I t  was th e n  in te n d e d  to  exam ine th e  
e s t im a te d  d i g e s t i b i l i t i e s  o f  th e  roughages f o r  i n d i r e c t  e f f e c t s  o f  th e  
su p p lem en t i n g r e d i e n t s ,  none o f  w hich w ere p o s i t i v e .
I n  t h i s  p r e s e n t  s tu d y  (E x p erim en t 1 3 .2 )  th e  rou g h ag es w ere a l l o c a t e d  
ad  l i b i tu m  and th e  su p p lem en ts  g iv e n  form ed a  lo w er p r o p o r t io n  o f  th e  
t o t a l  DM in t a k e .  T h e re fo re  i t  was c o n s id e re d  u n n e c e ssa ry  to  e l im in a te  
th e  f a e c a l  c o n s t i t u e n t s  o f  th e  supp lem en t in g r e d i e n t s  and d i g e s t i b i l i t y  
com parisons betw een th e  t r e a tm e n ts  w ere made on th e  com bined d i e t .
The M  m a in ten a n ce  re q u ire m e n t o f  housed  sheep (MAFF e t  a l .  1975) 
w e ig h in g  a b o u t 60 kg i s  6 ,8  MJ. The b a r le y  s t r a w  when g iv e n
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u n su p p lem en ted jo n  av e ra g e  o n ly  s u p p lie d  5 9 / o f  t h i s  re q u ire m e n t 
( 4 .0  MJ ME), S u p p lem en ta tio n  in c re a s e d  th e  ME in ta .k e  by 40  to  6 0 /
( 1 ,5  to  2 .2  Mj) and 35 to  6 3 /  ( l . 5  to  2 ,7  MJ) fo r  th e  70 and 14O g
le v e l s  o f  Rum evite s u p p le m e n ta t io n ,r e s p e c t iv e ly . The am ounts o f b a r le y  
g iv e n  in  th e s e  sup p lem en ts  (35 and 70 g DM) would o n ly  su p p ly  0 .5  and
1 .0  MJ o r  MEo T h e re fo re  th e  supp lem en ts  g iv en  m ust have i n d i r e c t l y  
in c re a s e d  ME in t a k e s  by in c r e a s in g  th e  u t i l i s a t i o n  o f  th e  b a r le y  s tra w , 
a s  in d i c a te d  by th e  in c re a s e d  s tra w  in ta k e  on a l l  t r e a tm e n ts  and a l s o  
in c re a s e d  d i g e s t i b i l i t y .  I t  was c a l c u la te d  t h a t  betw een 25 to  46 and 
11 to  40/ ,  a t  th e  70  and I 40 g l e v e l s  o f  s u p p le m e n ta t io n re s p e  c t i v e l y  , o f  
th e  in c r e a s e  i n  ME in t a k e  was due to  th e  i n d i r e c t  im provem ent o f  s tra w  
u t i l i s a t i o n .  The t r e a tm e n ts  (C and D) c o n ta in in g  EC showed no 
inqDrovement o v e r  and above t h a t  o f  b a r le y  w ith  o r  id b h o u t u re a  ( t r e a tm e n ts  
A and B ),
T rea tm en t E, u n co n n ec ted  w ith  e i t h e r  th e  fo rm u la tio n  o f  Rum evite 
o r l e v e l  o f  in ta k e  r e a l i s t i c a l l y  p o s s ib le  from  a  Runev i t e  b lo c k , 
im proved ME in ta k e  in  b o th  o f  th e  b a r le y  s tra w  L a t in  s q u a re s  by ^0%
(4»0 M j), T h is  r e f l e c t e d  th e  p r o v is io n  o f  a d d i t i o n a l  ME i n  th e  b a r le y
s u p p le m e n t ,r a th e r  th a n  an  i n d i r e c t  im provem ent o f  en e rg y  in ta k e  v ia
in c re a s e d  s tra w  u t i l i s a t i o n .  Even though  a l l  th e  t r e a tm e n ts  g iv e n  
im proved ME in t a k e ,o n ly  th e  more s u b s t a n t i a l  in p u t  o f  b a r le y  ( t r e a tm e n t  E) 
c r e a te d  a  p la n e  o f  n u t r i t i o n  a lw ays above m a in te n a n c e . At th e  h ig h e r  
l e v e l  o f  R um evite s u p p le m e n ta tio n , t r e a tm e n ts  A ( b a r le y )  and D ( b a r le y ,  
u r e a ,  EC fe e d )  gave a  p la n e  o f  n u t r i t i o n  a t  o r  a round  m a in te n a n c e .
F o r a l l  co m b in a tio n s  o f  su p p lem en ts  o r  when g iv e n  a lo n e , b o th  
hays p ro v id e d  a p la n e  o f  en e rg y  n u t r i t i o n  a t  l e a s t  4 1 /  g r e a t e r  th a n  
m a in te n a n c e . T h is  was r e f l e c t e d  i n  th e  p e r io d s  o f  th e  L a t in  s q u a re s  by 
a  p r o g r e s s iv e  l iv e - w e ig h t  g a in . When th e  hays w ere g iv e n  a lo n e  th e  
sheep  l o s t  l i v e  w e ig h t even though  th e y  w ere r e c e iv in g  ab o u t 40 /  more 
ME th a n  was r e c e iv e d  f o r  m a in ten a n ce  o f  60 kg sh e e p , Tifo p o s s ib le
343.
e x p la n a t io n s  f o r  t h i s  in c o n s i s te n c y  may be a p p r o p r ia te .  F i r s t l y ,  th e  
mean l i v e  w e ig h t o f  th e  sheep  had  in c r e a s e d  upon co m p le tio n  o f  th e  
L a t in  s q u a re s  to  a b o u t 65 kg ,w h ich  m eant th e y  r e q u ir e d  7*3 MJ HE foz' 
m a in te n a n c e . S eco n d ly , i n  a l l  th e  p e r io d s  o f  th e  L a t in  sq u a re s  
c o n s id e ra b le  q u a n t i t i e s  o f  s a l t  had been  .consumed w hich p ro b a b ly  c r e a te d  
an in c r e a s e d  w e ig h t o f  f l u i d  i n  th e  rum en. When roughage  a lo n e  was 
g iv e n  th e  a b sen ce  o f  s a l t  w ould d e c re a s e  w a te r  in t a k e  and p e rh a p s  th e  
w e ig h t o f  g u t c o n te n ts ,  r e s u l t i n g  in  th e  r a t h e r  h ig h  d e c re a s e s  i n  l i v e  
w e ig h t r e c o rd e d .  T o g e th e r , th e s e  two f a c t o r s  may e x p la in  th e  d is c re p a n c y  
b e tw e e n  ME in ta k e  and liv e -w ^ e ig h t l o s s .
The su p p lem en ts  g iv e n , b a sed  on th e  fo rm u la tio n  and in g r e d i e n ts  
o f  R um evite f e e d b lo c k s ,a t  a ra n g e  o f  l e v e l s  coiranonly a t t a i n e d  by sheep  
in  a  p r a c t i c a l  s i t u a t i o n ,  o n ly  m a rg in a l ly  in c re a s e d  th e  ME in t a k e s  o f  
th e  s h e e p 5r e l a t i v e  to  th o s e  w ith  unsupp lem en ted  ro u g h ag e . The ME in ta k e  
o f  sheep  on hay I  (65 g C P/kg) v/as in c r e a s e d  by betw een 3 t o  l 6 and 2 to  
1 2 /  by th e  t r e a tm e n ts  g iv e n  a t  th e  70 and 140 g le v e l s ^ , r e s p e c t iv e ly .  The 
ME in t a k e  o f  sheep  on hay I I  (69 g C P/kg) was lo w ered  by 4 /  by t r e a tm e n t  
C ( b a r le y ,  EC fe e d )  a t  th e  70 g l e v e l  o f  su p p le m e n ta tio n  and in c r e a s e d  by 
a  maxi.mum o f  1 4 /  by th e  o th e r  t r e a tm e n t s .  At th e  I 40 g l e v e l  o f  
su p p le m e n ta tio n  th e  t r e a tm e n ts  g iv e n , in c re a s e d  ME in t a k e  by betw een 3 and 
2 0 / ,  Most o f  th e  in c r e a s e s  i n  ME in ta k e  when s u p p le m e n ta tio n  o c c u rre d  
w ere due to  th e  a d d i t i o n a l  ME (0 ,5  and 1 ,0  MJ) s u p p lie d  by th e  b a r le y  i n  
th e  su p p le m e n ts . Any in c r e a s e d  ME in t a k e  a r i s i n g  from  in c re a s e d  hay 
u t i l i s a t i o n  was th e r e f o r e  sm a ll  and n o t s i g n i f i c a n t .
The h ig h e r  p la n e  o f  n u t r i t i o n  t r e a tm e n t ,  su p p ly in g  o v e r 200 g 
b a r le y  DM p lu s  10 g u re a  im proved th e  ME in ta k e  o f  sheep  on d i e t s  W sed  
on hay  I  and I I  by 36  and  2 8 / , r e s p e c t iv e l y .  T h is  t r e a tm e n t  sh o u ld  have 
s u p p lie d  ab o u t 4 .0  MJ ME d i r e c t l y  above th e  ME in ta k e  from  roughage 
a lo n e .  On a v e ra g e  th e  ME re s p o n s e  from  t h i s  t r e a tm e n t  was o n ly  3 ,3  MJ 
ME, p a r t  o f  w hich may have been  due to  an i n d i r e c t  e f f e c t  on roughage
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u t i l i s a t i o n .  T h e re fo re  th e  ME d e r iv e d  from  t h i s  ‘h ig h e r  p la n e  o f  
n u t r i t i o n '  t r e a tm e n t  was n o t  a s  g r e a t  a s  in te n d e d  f o r  th e  hay ro u g h a g e s .
The DCP re q u ire m e n ts  f o r  m a in ten a n ce  f o r  c ro s s b re d  sheep  w e ig h in g
60 kg and consum ing e i t h e r  0 ,7 2  o r  0 ,8 8  kg D M /head/day a r e  37 and 39 g->
r e s p e c t iv e l y  (ARC, 1965)® The sheep  consuming b a r le y  s tra w  a lo n e  had 
c a l c u la te d  DCP in ta k e s  o f  a b o u t 6 o r  7 g« O nly f o r  th e  t r e a tm e n t  
su p p ly in g  10 g o f  u re a  p lu s  o v e r  200 g b a r le y  DM, d id  c a lc u la te d  DCP 
in t a k e s  exceed  re q u ire m e n ts ^ a lth o u g h  tr e a tm e n ts  B and D a t  th e  I 40 g 
l e v e l  o f  R um evite (35 g DCP) s u p p le m e n ta tio n  ap p ro ach ed  th e  r e q u i r e d  
i n t a k e s .  The t r e a tm e n ts  c o n ta in in g  a d d i t i o n a l  u re a  in c r e a s e d  CP c o n te n t 
o f  th e  com bined s tra w -su p p le m e n t d i e t  from  3 .1  and 3 .4  ( b a r le y  supp lem en t 
a lo n e )  to  4 ,8  and 6 , 2 /  a t  th e  70 and I 40  g l e v e l s  o f  s u p p le m e n ta tio n , 
r e s p e c t iv e l y .
The DCP re q u ire m e n ts  f o r  m a in ten an ce  f o r  th e  sheep  g iv e n  th e
hays w ere 44 to  47 g D C P/head/day (ARC 1 9 6 5 ), Even when g iv e n
u n su p p le m e n te d ,th e  mean DCP in ta k e s  f o r  a l l  th e  20 sheep  on hay  (39 g) 
was o n ly  m a rg in a l ly  below  th e  re q u i.re d  i n t a k e s .  S u p p le m e n ta tio n  
u s u a l ly  in c r e a s e d  th e  DCP in t a k e s  to  w e l l  i n  ex ce ss  o f  th e  re q u ire m e n t 
f o r  m a in te n a n c e . However th e r e  was a  te n d e n c y  f o r  t r e a tm e n ts  c o n ta in in g  
EC fe e d  to  lo w er th e  DCP i n t a k e - , r e l a t i v e  to  s im i l a r  t r e a tm e n ts  c o n ta in in g  
b a r le y  a lo n e  o r  b a r le y  p lu s  u re a  w ith o u t EC f e e d .  Due to  th e  s a t i s f a c t o r y  
p la n e  o f  n u t r i t i o n  g iv e n  i n  t h i s  ex p erim en t any  d e t r im e n ta l  e f f e c t  o f  EC 
was n o t  o f  b io l o g ic a l  s i g n i f i c a n c e .
A l l  th e  b lo o d  p a ra m e te rs  m easured  showed no d e v ia t io n  from  th e  
no rm al ra n g e s , i n d i c a t i v e  o f  no m in e ra l  d e f ic ie n c y  o c c u r r in g  i n  th e  
d i e t s  g iv e n . The p lasm a u re a  (h ay s  o n ly ) ,  c a lc iu m , m agnesium  and 
som etim es p h o sp h o ru s  c o n c e n tr a t io n s  w ere low er when s u p p le m e n ta tio n  was 
g iv en ,co m p ared  w ith  roughage a lo n e .  T h is  may be e x p la in e d  by th e  
breakdovm o f  body t i s s u e s .  When ro ughage  a lo n e  (h a y ) was g iv e n  to  th e  
sheep  a  sm a ll d e f i c i t  o f  DCP in  th e  d i e t  o c c u r re d ,w ith  a l i k e l y  n e t
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r e s u l t  o f  ca ta .b o llsm  o f  body t i s s u e s  r e l e a s in g  anü.n.o a c id s  and 
e v e n tu a l ly  ( v ia  n i t r o g e n  r e c y c l in g )  c r e a t in g  an  e le v a te d  p lasm a lurea 
c o n c e n tra tio n o  T h is  in c r e a s e  in  p lasm a u re a  when no s u p p le m e n ta tio n  
was g iv e n  d id  n o t  o c c u r on th e  s tra w  d i e t s  due to  th e  v e ry  low n i t r o g e n  
c o n te n t  o f  th e  ro u g h ag e . The u p g ra d a t io n  in  n i t r o g e n  s t a t u s  when th e  
supp lem en ts  w ere g iv e n  was more s u b s t a n t i a l  f o r  th e  s tra w  d i e t s  th a n  
f o r  th e  h a y s ,
S im i la r ly ,  a  s h o r ta g e  o f  p h o sp h o ru s  when th e  roughages w ere g iv e n  
un supp lem en ted  would c r e a te  a  d e m in e r a l i s a t io n  o f  bone u n d e r th e  a c t io n  
o f  p a r a th y r o id  horm one, r e s u l t i n g  in  in c re a s e d  p h o sp h o ru s  i n  th e  
p la sm a . A c o n co m ita n t in c r e a s e  in  p lasm a ca lc iu m  and magnesium  would 
th e n  o c c u r .
In  th e  p re v io u s  ex p erim en t, one o f  th e  re a s o n s  p u t  fo rw ard  to  
e x p la in  th e  f a i l u r e  o f  th e  su p p lem en ts  g iv e n ^ to  im prove roughage 
d i g e s t i b i l i t y ,  was t h a t  a  p o s s i b le  d e f ic ie n c y  o f  p h o sp h o ru s  overshadow ed 
a l l  o th e r  e f f e c t s .  The in ta k e s  o f  p h o sp h o ru s  w ere a s  low  a s  12 mg/kg 
l i v e  w e ig h t .  In  th e  p r e s e n t  ex p e rim e n t on th e  s tra w e lo n e ,p h o sp h o ru s  
in ta k e s  w ere a b o u t 20 mg/kg l i v e  w e ig h t, y e t  no b lo o d  p lasm a p h o sp h o ru s  
c o n c e n tr a t io n s  w ere m easu red . The maxjjnum p h ospho rus in t a k e s  on b a r le y  
s tra w  was 41 nig/kg l i v e  w e ig h t .  T h e re fo re  i t  does n o t  ap p e a r t h a t  
p h ospho rus  in t a k e  p e r  s e  c o n t r ib u te d  s i g n i f i c a n t l y  to  th e  r e s u l t s  
o b ta in e d  i n  e i t h e r  e x p e r im e n t.
Nowhere i n  e i t h e r  th e  p r e s e n t  ex p erim en t o r  Expt 13 .1  was th e  
c la im  made by th e  m a n u fa c tu re rs  o f  R um evite ( i . e .  t h a t  EC fe e d  a lo n e  
in c r e a s e s  th e  u t i l i s a t i o n  o f  ro u g h ag es  by up t o  50/ ,  o v e r  and above 
any im provem ent due to  th e  b a r le y  (e n e rg y )  o r  p r o t e i n  ( u r e a )  i n  th e  
b lo c k )  s u b s t a n t i a t e d .  Any s i g n i f i c a n t  e f f e c t  o f  EC fe e d  on roughage 
u t i l i s a t i o n  was a lw ays n e g a t iv e  ( p a r t i c u l a r l y  on n i t r o g e n  d i g e s t i b i l i t y  
o f  t h e  h a y s )  w hich i s  a g a in  i n  ag reem en t w ith  th e  w ork o f  U nsw orth e t  a l .  
( 1966 ) .  Of a l l  th e  t r e a tm e n ts  g iv e n , t h a t  c o n ta in in g  b a r le y  and EC fe e d
i n v a r i a b ly  ran k ed  la s t^ b e h in d  th e  o th e r s  i n  te rm s o f  v o lu n ta .ry  in t a k e  
and d i g e s t i b i l i t y .
I t  3.S co n c lu d ed  t h a t  th e  c la im s  made f o r  EC fe e d  a r e  sp u r io u s  
and th e  sm a ll am ount o f  en e rg y  and p r o t e i n  i t  c o n t r ib u te s  to  th e  b lo c k  
(T a b le  49 ) i s  f a r  o u tw eighed  by i t s  d e p re s s in g  e f f e c t  i n  roughage 
u t i l i s a t i o n o  The e x a c t  re a s o n s  f o r  th e  a d v e rse  e f f e c t  o f  EC fe e d  on 
roughage u t i l i s a t i o n  a r e  n o t  y e t  c l e a r .  In  E xpt 13*1 i t  was su g g e s te d  
t h a t  th e  co m b in a tio n  o f  sodium  and p o ta s s iu m  i n  th e  d i e t  may to g e th e r  
e f f e c t  a  d e p re s s io n  o f  d i g e s t i b i l i t y *  The c o n c e n tr a t io n  o f  sodium  in  th e  
d i e t s  g iv e n  in  th e  p r e s e n t  e x p e rim en t n e v e r  exceeded  ab o u t 12 g N a/k g , 
(The p o ta ss iu m  c o n c e n tr a t io n s  i n  th e  roughages g iv e n  w ere n o t  m e a su re d ) . 
At t h i s  l e v e l  i t  w ould be h ig h ly  u n l i k e ly  f o r  sodium  to  have a 
d e t r im e n ta l  e f f e c t  on ro ughage  d i g e s t i b i l i t y ,  p a r t i c u l a r l y  a s  th e  
sodium  c o n c e n tr a t io n s  in  th e  hays (w hich  w ere m ost a f f e c t e d  by t r e a tm e n ts  
c o n ta in in g  EG fe e d )  o n ly  c o n ta in e d  a t  th e  m ost ab o u t 7 g N a/kg .
EC fe e d  h as  a  h ig h  pH (lO  to  1 1 ) and ap p ea red  to  be u n p a la ta b le  to  
some sh e e p . The lo w e s t v o lu n ta ry  in ta k e s  w ere o b ta in e d  o v e r a l l  on th e  
b a r le y  EC fe e d  t r e a tm e n t ,  w hich may have red u ce d  th e  p a l a t a b i l i t y  o f  th e  
roughage and  th e re b y  d e c re a se d  i n t a k e ,  A more s u b t l e  p h y s io lo g ic a l  
re a so n  w ould be r e q u ir e d  to  e x p la in  th e  e f f e c t  o f  EC fe e d  on 
d i g e s t i b i l i t y .  T h is  r e q u i r e s  f u r t h e r  in v e s t ig a t io n *
A lthough  i t  was shown t h a t  su p p lem en ts  c o n s i s t e n t  w ith  th e  
fo rm u la tio n  o f  R um evite fe e d b lo c k s  co u ld  im prove th e  u t i l i s a t i o n  o f  
b a r le y  s tra w  and im prove ME in t a k e  o f  sheep  a p p r e c ia b ly  by b o th  i n d i r e c t  
(ro u g h ag e  u t i l i s a t i o n )  and d i r e c t  (ME i n  th e  su p p le m e n ts )  m ethods, th e  
r e le v a n c e  o f  t h i s  to  th e  p r a c t i c a l  UK s i t u a t i o n  w here b lo c k s  a r e  g iv e n  
i s  open to  d e b a te .  The c e r e a l  s tra w s  a r e  m a in ly  g iv e n  to  b e e f  c a t t l e  
o r  d a i r y  re p la c e m e n t s to c k  u n d e r UK w in te r  c o n d i t io n s .  I t  i s  seldom  
f o r  su p p le m e n t- ty p e  b lo c k s  and  s tr a w  to  be g iv e n  a lo n e ,u n le s s  a  p la n e  
o f  n u t r i t i o n  w e l l  below  m a in ten a n ce  i s  a c c e p ta b le .  A d d it io n a l  en erg y
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i s  u s u a l ly  s u p p lie d  a s  b a r le y ,  s i l a g e  a n d /o r  a r a b le  b y -p ro d u c ts .  In  
many s i t u a t i o n s  i t  i s  j u s t  a s  c o n v e n ie n t and f a r  c h e a p e r to  'h a n d - f e e d ' 
a l l  th e  su p p lem en ta ry  n u t r i e n t s .  T h e re fo re  a l th o u g h  i t  i s  p o s s ib le  f o r  
a  su p p le m e n t- ty p e  fe e d b lo c k  to  in c r e a s e  ME in ta k e  to  a ro u n d  m a in te n a n c e , 
a t r u l y  p r o d u c t iv e  s i t u a t i o n  i s  n o t  reac h ed  u n le s s  s u b s t a n t i a l l y  
in c re a s e d  am ounts o f  en e rg y  a r e  g iv e n , as  o c c u r re d  in  t r e a tm e n t  E i n  
Expt 1 3 .2 .
Under Sou th  A fr ic a n  v e ld  c o n d i t io n s  th e  su p p lem en t- ty p e  fe e d b lo c k  
may be v e ry  s u i t a b l e .  The roughage a v a i l a b l e  i s  u n ifo rm ly  low in  
n i t r o g e n  (20  to  30  g C P /k g ), c l im a t ic  f a c t o r s  a r e  m in im a lly  v a r i a b l e  
and a  c o n t r o l le d  am ount o f  w e ig h t l o s s  d u rin g  w in te r  i s  g e n e r a l ly  
a c c e p ta b le .  As a  r e s u l t  th e  p ro d u c t io n  c y c le  f o r  f i n i s h i n g  c a t t l e  i s  
c o n s id e ra b ly  lo n g e r  th a n  in  th e  UK, The so c a l l e d  ' s t o r e  p e r io d ' on 
UK farm s when c a t t l e  may lo s e  c o n s id e ra b le  l i v e  w e ig h t d u r in g  w in te r in g  
on su b -m a in ten an c e  'd i e t s ^ i s  nowadays u n d e s i r a b le  e c o n o m ic a lly . 
S u p p lem en t-ty p e  fe e d b lo c k s  a r e  p r i n c i p a l l y  d e s ig n e d  to  be u sed  i n  th e s e  
' s t o r e '  p h a se s  o f  th e  p ro d u c t io n  c y c le ,a s  t h e i r  low  p o t e n t i a l  n u t r i e n t  
in t a k e  l i m i t s  t h e i r  u s e f u ln e s s  i n  more p ro d u c tiv e  s i t u a t i o n s .
I t  i s  l i k e l y  t h a t  m ost b lo c k s  g iv e n  to  sheep a r e  u se d  i n  a  h i l l  
o r  u p la n d  s i tu a t io n ^ d u r in g  th e  f i n a l  6 to  8 weeks o f  p reg n an cy  and i n  
e a r l y  l a c t a t i o n .  On m ost h i l l  farm s t h i s  c o in c id e s  w ith  m onths klarch 
and A p r i l ,  a l th o u g h  b lo c k s  may be g iv e n  e a r l i e r  i f  th e  v d n te r  i s  
p a r t i c u l a r l y  s e v e r e .  The n a tu r e  o f  h i l l  fa rm in g  i s  v e ry  d iv e r s e  and 
h a r d ly  any  two s i t u a t i o n s  a r e  e x a c t ly  s i m i l a r .  B efo re  any  m easure o f  
th e  l i k e l y  b e n e f i t  o f  th e  su p p le m e n t- ty p e  fe e d b lo c k s  can be g a in e d  
in fo rm a tio n  i s  r e q u i r e d  on th e  q u a l i t a t i v e  and q u a n t i t a t i v e  n a tu re  o f  
th e  d i e t  o f  th e  h i l l  ewe i n  v a r io u s  s i t u a t i o n s .  Sheep g ra z e  v /ith  a  
g r e a t  ,;ree  o f  s e l e c t i v i t y ,  t h e r e f o r e  i t  i s  m is le a d in g  to  e s t im a te  
n u t r i e n t  in ta k e  from  w hat i s  l e f t  on th e  p a s tu r e  r a t h e r  th a n  w hat has 
been consum ed. E ad ie  (q u o te d  by A rm strong  and T r in d e r ,  1966) h as
us.
e s tim a te d  t h a t  th e  CP c o n te n t  o f  th e  d i e t  s e l e c te d  by th e  hi.U . ewe i s  
n e v e r  l e s s  th a n  8 7 g /k g . The hays u sed  in  Expt 13*2 c o n ta in e d  65 to  
69 g CP/kg y e t  th e  im provem ent i n  ME in ta k e  due to  in c re a s e d  roughage 
u t i l i s a t i o n  was o n ly  m arg in a l*  I f  th e  e s t im a te  o f  CP in  th e  in g e s te d  
d i e t  g iv e n  by E ad ie  i s  r e a s o n a b le  i n  th e  m a jo r i ty  o f  s i t u a t i o n s , a n y  
im provem ent in  ME in ta k e  d e r iv e d  from  in c re a s e d  roughage u t i ] , i s a t i o n  
w i l l ,  be n e g l i g i b l e .  Any im provem ent in  Î^ IE in ta k e  w i.ll a r i s e  d i r e c t l y  
th ro u g h  th e  fe e d b lo c k  in g r e d i e n ts  p e r  s e .
However th e  .work by T a i t ,  Mi.lne and R u sse l (1976) h a s  shoivn t h a t  
on p re d o m in a n tly  h e a th e r  (C a llu n a  V u lg a r is  L, H u ll)  d i e t s  sm all, in p u t s  
o f  su p p lem en ta ry  n i t r o g e n  a n d /o r  en e rg y  can r e s u l t  i n  c o n s id e ra b le  
im provem ents in  h e a th e r  in ta k e  and d i g e s t i b i l i t y .  I t  was s t a t e d  t h a t  
h e a th e r  c o n ta in e d  r e l a t i v e l y  la r g e  q u a n t i t i e s  o f  t a n n in s  w hich a p p ea r 
to  form  in s o lu b le  com plexes w ith  p r o te i n s  in  some s i t u a t i o n s .  T h e re fo re  
on p re d o m in a n tly  h e a th e r  h i l l s  th e  u se  o f  a su p p le m e n t- ty p e  fe e d b lo c k  
may be j u s t i f i e d .  N e v e r th e le s s  i n  more p ro d u c tiv e  s i t u a t i o n s  (lam b in g  
p e rc e n ta g e  > 1 0 0 ) ,  a d d i t i o n a l  ME s u p p lie d  d i r e c t l y  from  th e  fe e d b lo c k  
in g r e d i e n t s  i s  u s u a l ly  e s s e n t i a l  t o  augm ent th e  i n d i r e c t  in c r e a s e  ( i f  
any) i n  ME in ta k e  v ia  in c re a s e d  roughage u t i l i s a t i o n .
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C o n c lu s io n s
In  many o f  th e  ex p e rim en ts  c a r r i e d  o u t in  t h i s  t h e s i s , a  p r i n c i p a l  
c la im ed  a d v a n ta g e  fo r  ' s e l f - h e l p '  f e e d b lo c k s , th e  more p r e c i s e  
in d i v id u a l  s u p p le m e n ta tio n  th a n  w ith  'h a n d - f e d ' n u t r i e n t s ,  has been shown 
n o t  to  be th e  c a s e . A lso  th e  c la im s  made t h a t  a n im a ls  m i l  r e g u la te  
t h e i r  in t a k e s  o f  fe e d b lo c k s  a c c o rd in g  to  th e  q u a l i t a t i v e  and 
q u a n t i t a t i v e  n a tu r e  o f  th e  o th e r  d i e t a r y  in g r e d i e n ts  have been shown n o t  
to  be s t r i c t l y  c o r r e c t .  T here a p p e a rs  to  be no e v id en ce  t o  s u g g e s t t h a t  
ru m in a n ts  g iv e n  fe e d b lo c k s  m i l  m a n if e s t  a 'n u t r i t i o n a l  w isdom ' 
p a r t i c u l a r l y  f o r  magnesium o r  u r e a ,  a s  i s  som etim es im p lie d  to  be th e  
c a s e .  In  S e c t io n  4 i t  was shown t h a t  th e r e  was no p a r t i c u l a r  
s ig n i f i c a n c e  to  be p la c e d  on th e  ' s p e c i a l  un iq u e  in g r e d i e n t '  in  Rumevd.te 
fe e d b lo c k s  known a s  EC fe e d  whd.ch has been e x te n s iv e ly  c la im ed  to  
in c r e a s e  th e  u t i l i s a t i o n  o f  a l l  ro ughages by c o n s id e ra b le  am ounts (o v e r  
and above any re sp o n se  to  NPN). There was a  s t r o n g  s u g g e s tio n  t h a t  i n  
m ost c a s e s  EC fe e d  had a d e t r im e n ta l  e f f e c t  on roughage  u t i l i s a t i o n .
I n  S e c t io n  2 ( i n  p a r t i c u l a r )  and th ro u g h o u t th e  r e s t  o f  th e  
t h e s i s  ( i n  g e n e r a l )  i t  was shown t h a t  fe e d b lo c k s  co u ld  n o t  be r e l i e d  
upon to  g iv e  even a re m o te ly  c o n s ta n t  in ta k e  betw een d a y s . Numerous 
f a c t o r s  a p p e a re d  to  in f lu e n c e  t o t a l  group in t a k e  o f  fe e d b lo c k s  in c lu d in g  
c l im a t i c  c o n d i t io n s ,  ' H a n d -fe e d in g ’ i s  n o t  in f lu e n c e d  from  th e  m a jo r i ty
o f  th e s e  f a c t o r s  and t o t a l  amount a l l o c a t e d  i s  d e te rm in e d  by th e  
s to c k f e e d e r  r a t h e r  th a n  th e  s to c k  th e m s e lv e s .
A f a c t o r  o f  p a r t i c u l a r  r e le v a n c e  to  th e  fa rm e r y e t  n o t  c o n s id e re d  
so f a r  i n  t h i s  t h e s i s  i s  th e  c o s t  o f  n u t r i e n t s  i n  fe e d b lo c k s  com pared to  
o th e r  so u rc e s  o f  su p p lem en ta ry  n u t r i e n t s  such  a s  p r o p r i e t a r y  com pounds. 
-The m a jo r i ty  o f  fe e d b lo c k s  a t  p r e s e n t  c o s t  betw een £120 to  £ l6 0 / to n n e  
com pared to  p r o p r ie t a r y  sheep  compounds a t  £ l lO /to n n e  and b a r le y  a t  
a b o u t £ 8 5 /to n n e . T h e re fo re  fe e d b lo c k s  a re  ex p e n s iv e  so u rc e s  o f  
n u t r i e n t s ,  p a r t i c u l a r l y  e n e rg y . The e s t im a te d  ME v a lu e  (9  to  11 MJ
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RH'/kg DM, T ab le  l )  i s  c o n s id e ra b ly  below  th a t  fo r  compounds (a b o u t 
12*0 MJ î4E/kg dm) and b a r le y  ( l3 * 7  MJ Mb/kg DM)» The low er v a lu e s  f o r  
fe e d b lo c k s  r e f l e c t  ma.i n l y  th e  p r o p o r t io n  o f  b in d e rs  and u n p a la ta b le  
in g r e d i e n t s  ( e .g .  h ig h  l e v e l s  o f  s a l t )  w hich th e y  c o n ta in .  The 
p r o p o r t io n  o f  a sh  in  th e  fe e d b lo c k s  exam ined in  t h i s  t h e s i s  v a r ie d  
from  200 to  400 g /k g  DM, m ost o f  w hich would be o f  no n u t r i t i o n a l  
b e n e f i t  to  th e  a n im a l. I t  was e s t im a te d  t h a t  th e  c o s t  o f  1 MJ from  
a  su p p le m e n t-ty p e  b lo c k  (h ig h e r  a s h ,  ME — 9 M j/kg DM) was a b o u t 1 .7 P j 
th e  c o s t  o f  1 MJ ME from  th e  h ig h e r  in ta k e  s u b s t i t u t e - t y p e  b lo c k s  was 
e s t im a te d  to  be betw een 1 ,4  and 1 .5 p , a d i f f e r e n c e  o f  betw een 12 to  1 8 / ,  
The c o s t  o f  1 MJ ME from  e i t h e r  a  I 4O g CP /k g  sheep  cob o r  a  200 g CP/kg 
sheep  c o n c e n tra te  w ould be a p p ro x im a te ly  1*1 to  12p, In  m ost s i t u a t i o n s  
en e rg y  i s  th e  m ost im p o r ta n t su p p lem en ta ry  n u t r i e n t  r e q u i r e d .  As 
in d i c a te d  in  S e c t io n  4 , in  m ore p ro d u c t iv e  s i t u a t i o n s  a d d i t i o n a l  energ,y 
from  th e  b lo c k  in g r e d i e n t s  p e r  se  i s  v i t a l  to  th e  s u c c e s s  o f  th e  sy stem , 
a s  i n d i r e c t  in c r e a s e s  i n  ME in t a k e  ( i f  any ) v ia  enchanced  roughage 
u t i l i s a t i o n  a re  u s u a l ly  in a d e q u a te  to  even p a r t i a l l y  m eet MB] re q u ire m e n ts  
In  r e f u t i n g  many o f  th e  c la im ed  a d v an tag es  and b e in g  somewhat 
c r i t i c a l  o f  fe e d b lo c k s  in  g e n e r a l ,  t h i s  t h e s i s  may seem u n d u ly  
p e s s im i s t i c  to w ard s  t h e i r  s u i t a b i l i t y  in  UK an im a l p ro d u c tio n  sy s te m s .
To th e  c o n t r a r y ,  th e r e  a p p e a r  to  be a t  l e a s t  fo u r  m ain i-easons f o r  
u s in g  b lo c k s  r a t h e r  th a n  c h e a p e r , mure c o n v e n tio n a l 'h an d -fed *  n u t r i e n t s .  
F i r s t l y ,  fe e d b lo c k s  a l lo w  su p p lem en ta ry  n u t r i e n t s  to  be g iv e n  to  s to c k  
k e p t on l e s s  a c c e s s ib le  areas^,w here o th e r  form s o f  fe e d in g  a r e  q u i t e  
i m p r a c t i c a l .  I t  i s  l i k e l y ,  how ever, t h a t  a v a ry in g  p r o p o r t io n  o f  th e  
s to c k  may n o t make a d e q u a te  u se  o f  t h i s  so u rc e  o f  s u p p le m e n ta t io n . 
S eco n d ly , when fe e d b lo c k s  a r e  g iv e n  in  e x te n s iv e  g ra z in g  s i t u a t i o n s  
( e . g .  h i l l  o r  u p la n d )  th e  s to c k  rem ain  on t h e i r  g ra z in g  a r e a  w hich may 
e n a b le  them  to  make fuU _er u se  o f  th e  ruughage a v a i l a b l e ,  w ith o u t th e  
d i s r u p t io n s  caused  by 'h a n d - f e e d in g . '  T h is p o in t  r e q u i r e s  f u r t h e r
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in v e s t ig a t io i ic ,
The p r a c t i c a l  u se  o f  fe e d b lo c k s  was developed  i n  Sou th  A f r ic a  w here 
th e y  w ere shown to  red u ce  w e ig h t l o s s  a t  ran g e  g ra z in g  in  c o n tin u o u s  d ry  
s e a s o n s . T h e ir  c a p a c i ty  to  im prove a n im a l p ro d u c tio n  in  th e  more 
v a r i a b le  B r i t i s h  c o n d i t io n s  does n o t  n e c e s s a r i l y  fo llow *
T h ird ly ,  on e x te n s iv e  g ra z in g  th e  r i s k  o f  m i.sm othering a f t e r  
lam bing  may be red u ce d  by g iv in g  b lo c k s  compared w ith  'h a n d - f e e d in g . '
T h is a llo w s  su p p le m e n ta ry  n u t r i e n t s  to  be g iv e n  d u r in g  th e  c r i t i c a l  
p e r io d  o f  e a r ly  l a c t a t i o n  w hich t r a d i t i o n a l l y  does n o t happen a t  p r e s e n t .  
F in a l ly ,  in  l e s s  e x te n s iv e  s i t u a t i o n s  fa rm e rs  may f e e l  t h a t  any 
co n v en ien ce  a s p e c t s  o f  g iv in g  b lo c k s  j u s t i f i e s  t h e i r  e x t r a  c o s t .
In  c o n c lu s io n , fe e d b lo c k s  a r e  n o t  s u b s t i t u t e s  f o r  good h u sb an d ry . 
The co n v e rse  a p p e a rs  to  be more th e  r e a l  c a s e ,  i . e .  t h a t  good h u sb an d ry  
i s  in s t r u m e n ta l  in  e n s u r in g  t h a t  th e  b lo c k  system  w orks, p a r t i c u l a r l y  
u n d e r h i l l  c o n d i t io n s .  H ere , th e  s i t i n g  o f  b lo c k s  and f r e q u e n t  
o b s e rv a t io n  o f  th e  p a t t e r n  o f  b lo c k  consum ption  may d e te rm in e  th e  s u c c e s s  
o r  o th e rw is e  o f  an  e x p e n s iv e  in p u t  o f  a d d i t i o n a l  n u t r i e n t s .  The ca se  
f o r  th e  u se  o f  fe e d b lo c k  h as  been  somewhat o v e r s ta t e d  e s p e c i a l l y  by 
c e r t a i n  m a n u fa c tu re rs  v ia  t h e i r  a d v e r t i s in g  l i t e r a t u r e ,  w hich may have 
d e t r a c te d  from  th e  r e a l  and  c o n s id e ra b le  m e r i ts  o f  th e  fe e d b lo c k  
sy s te m .
3 5 2 .
BIBLIOGRAPHY
A lto n a , RoE. ( 1966 ) O u tlook  on A g r ic u l tu r e  5 : 22 .
A lto n a , R .E .,  R ose, C ,J« and T i l l e y ,  T .J .  ( i9 6 0 )  S . A ir .  J .  A g r ic .  Sci*
3 : 69 .
A .R .C . ( 1965 ) A g r ic u l tu r a l  R esearch  C o u n c il.  The N u tr ie n t  R equ irem en ts 
o f  Farm L iv e s to c k  N o .2 R um inants London K.M.S.O,
A rm strong , D.G. and T r in d e r ,  N„ (19 6 6 ) J ,  o f  U n iv e r s i ty  o f  N e w cas tle -  
upon-Tyne A g r ic , S oc, 20 .
A rn o ld , G.W. and M a ile r ,  R.A. ( l9 7 4 )  Anim, P ro d , 19 : 309*
Beanies, R.M. (1959 ) Q ueensland  J . A g r ic . S c i .  I 6 : 223*
Beames, R.M. (1963 ) Q ueensland  J .  A g r ic .  S c i .  20 ; 213.
Beames, R.M. and M o rr is , J .G . (1965) Q ueensland  J .  A g r ic .  Ardjn. S c i .
22 : 369 .
B ish o p , E . J .  and G ro b le r ,  J .  ( l 9 7 l )  Fmg. S . A f r .  4 7 (2 )  : 21 ,
B la x te r ,  K .L ., Wainman, F.W, and W ilso n , R .S . ( l 9 6 l )  Annjn, P ro d .
3 : 51.
B la x te r ,  K .L , and W ilson , R .S . ( 1962 ) Anim. P ro d . 4 : 351 .
B lo o m fie ld , R .A ., G arn e r,. G .E. and M uhrer, M.E. ( i9 6 0 )  J .  Anim. S c i ,
19 : 1248 ( A b s t r j .
B lo o m fie ld , R .A . ,  W elsch, C .,  G a rn e r , G.B. and M uhrer, M.E, ( 1 961 )
J ,  Anim, S c i ,  20 : 926 ( A b s t r . ) .
Bloom, S , ,  Ja c o b se n , N .L ,, A lle n , R .S . ,  M cG illa rd , L .P . and Homeyer, P .G ,
( 1959 ) J .  D a iry  S c i ,  40 : 2 40 .
B o lin , P.M. ( 1949 ) N. D akota A gr. E x p t l .  S ta ,  B i-m o n th ly .
B o lin g , J .A , ,  B ra d le y , N.W. and L o v e l l ,  D.R, ( l 9 7 l )  J .  Anim, S c i ,
33 : 691 .
B rannon, W .F ., R e id , J .T ,  and  M i l l e r ,  J , I .  (1954) J .  Anim. S c i ,
13 : 535.
B rig g s , H.M ., G a llu p , W .D., D arlow , A .E ., S te p h e n s , D .E . and K inney, G. 
( 1947 ) J .  Anim, S c i .  6 : 445 .
B r is s o n , G„J. ( i9 6 0 )  P ro c , 8t h  I n t .  G ra s s la n d  Cong. R ead ing  : 435* 
Buchanan, K.M. ancl Shone, D.K, ( l9 6 6 )  J ,  S . A fr . V e t. Med. A ssn.
37 : 159.
B urns, M.A. (1965) Q ueensland  A g r ic . J .  91 : 12 .
C .A .B , ( 1961 ) Commonwealth B ureau o f  P a s tu re  and F ie ld  Crops B u l l ,
45 : 142 ,
C a m p b e l l ,  J . R . ,  Howe, W.M,, M a r t z ,  F .A ,  and M e r i l a n ,  C ,P . (1963)
J ,  D a i r y  S c i ,  48 i 131.
CaiTipling, R . C . , F r e e r ,  M, a n d  B a l c h ,  C .C .  ( l9 6 2 )  B r .  J ,  N u t r ,  I 6 : 115, 
C a v e l l ,  A . J .  ( l9 5 5 )  J .  S c i .  F d ,  A g r i c .  6 : 479 ,
C h i c CO, G . F . ,  S h u l t z ,  T , A , ,  R i a s ,  J , ,  P l a s s e ,  D, a n d  B u r g u e r a ,  M. ( l 9 7 l )  
J .  A nim , S c i ,  33 : 142 ,
C h r i s t i a n ,  K.R. and Coup, M.R, ( l9 5 4 )  N .Z . J .  S c i .  T echno l A 36  : 32 8 ,
C la n to n , B .C. (1962) J .  Anim, S c i ,  21 : 216,
C la rk , R , , O y a e r t,  W. and Q uinn, J . I .  (1951) O n d e rs te p o o r t J .  V e t, S c i .  
25 : 73 .
C la rk , R. and Q uinn, J , I ,  (1951 ) O n d e rs te p o o r t J .  V e t. R es . 25 • 93®
Coombe, J .B .  and T r ib e ,  D .E. (1963 ) A u s t. J .  o f  A g r ic , R es. 14 : 70 .
Coppock, C ,E . ( 1970 ) P ro c . C o r n e l l .  N u tr . C onf, p29®
Coppock, G .E ., E v e r e t t ,  R,W, and M e r r i l l ,  W.G, ( l9 7 2 )  J .  D a iry  S c i ,
55 : 245.
C o rb e t t ,  J , L . ,  G reen h a lg h , J ,F ,D . ,  Giy^mn, D .E , and  W alker, D, (1958)
B r, J ,  N u tr .  12 : 266 ,
C o rb e t t ,  J . L . ,  G reen h a lg h , J .F .D .  and M acdonald, A .P , ( l9 5 8 )  N a tu re
Lond, 182 : IO I4 .
C o rb e t t ,  J , L . ,  G reen h a lg h , J .F .D , ,  M acdonald, A .P . and F lo re n c e , E,
( i9 6 0 )  B r, J .  N u tr . I 4 : 289.
Coup, M.R. ( 1950 ) P ro c . 1 0 th  Ann. C onf, N .Z , Soc. Anim, P ro d , p4 3 .
Coup, M.R, and L a n c a s te r ,  R .J ,  (1952) N .Z . J .  S c i .  T echno l A 34 : 34 7 , 
Cow lishaw , S . J ,  and A ld e r , F ,E . (1963 ) J .  B r. G ra s s la n d  S oc. 18 : 328, 
Cram pton, E.W. and L loyd , L ,E . ( l 9 5 l )  J .  N u tr , 45 : 31 9 .
C re s s w e ll ,  E , ,  G i l l ,  J .C .  and F r a s e r ,  C, ( 1968 ) E x p t l ,  H usb, 17 : 20 .
C u rra n , M .K., L eav er, J .D . and W eston, E.W, ( 1967 ) Anim. P ro d . 9 : 5 6 l . 
Cunha, T . J . ,  S h i r le y ,  R .L .,  Chapman, H .L. J r . ,  Ammerman, C .B ., D av is , W.G., 
K irk , W.G. and H en tges, J . F . J .  ( 1964 ) F la .  A gr. S ta .  B u ll ,  p683 .
D av is , C .L .,  B y res , J .H . and L uber, L .E . (1958) J .  D a iry , S c i .  41 • 152.
D ehority , B .A ., Jo h n so n , R .R ., B e n tly , O.G. and Moxon, A .L . (1958) A rch .
Biochem, B iophys. 78 : 15 .
Deinuni, B ,, Immink, H .J . and D e i j s ,  VLB. ( 1962 ) N u tr .  A b s tr ,  Rev.
33 : 848 .
D enton , D .S . (1967) Handbook o f  P h y s io lo g y , S e c t io n  6 : A lim en ta ry  
C anal V ol 1 , Amer. P h y s io l .  S o c .,  W ashington DC.
D enton , D.A. (1969) N u tr ,  A b s tr .  and Rev. 39 : 4*
D enton, D.A. and S a b in e , J .R ,  ( 1961 ) J .  P h y s io l .  Lond. 157 •' 97*
D in n in g , J . S . ,  B r ig g s , H.M. and G a llu p , W.D. (1949) J .  Anim. S c i .  8 : 24 . 
D in n in g , J . S . ,  B r ig g s , H.M ,, G a llu p , W .D., O rr , H.VL and B u t le r ,  R. (1948) 
Amer. J .  P h y s io l ,  153 : 41»
D ucker, M .J, and F r a s e r ,  J ,  ( l9 7 5 )  E x p t l .  Husb. 29 : 113.
E d in , H ., K ih l in ,  G. and N o rd fe d t, S . ( l9 4 4 )  L a n tb ru k sh o g sk o lan s  
A n n a le r 12 ; I 66 ,
E l l i o t ,  R.C. ( i 9 6 0 ) R hodesia  A g r ic u l t u r a l  J o u rn a l  57 : 412.
E ly , D .G ., L i t t l e ,  C.O. and  S p e a rs , J.W , ( l9 7 5 )  D i s t i l l e r s  Feed  R es.
C o u n c il P ro c . 30 : 43 .
F a ic h n e y , G .J . (1968 ) A u st. J .  A g r ic .  R es. 19 : 8 1 3 .
F ish v d c k , G ., F r a s e r ,  J., Hemingway, R .G ., P a rk in s ,  J . J. and R i t c h ie ,  N .S ,
■ ( 1974 ) J. a g r i c .  S c i .  Camb. 82 : 427.
F ish w ic k , G ., F r a s e r ,  J . ,  Hemingway, R .G ., P a rk in s ,  J . J .  and  R i t c h ie ,  N .S ,
( 1977) J .  a g r i c .  S c i ,  Camb. 88 : 143.
F ish w ic k , G. and R i t c h ie ,  N .S . (1977 ) J .  a g r i c ,  S c i .  Camb. 88 : 7 1 .
F is k e ,  C.H, and Subbarow , Y. ( l9 2 5 )  J. B io l ,  Chem, 66 : 37 5 .
F o o t, J .Z ,  and R u s s e l ,  A .J .F .  ( l9 7 3 )  Anim. P ro d , I 6 : 293.
F o o t, J . Z . ,  R u s se l,  A . J . F . , Maxv\rell, T .J .  and M o rr is , P . (1973) Anim.
P ro d . 17 : 169 .
F ra n k lin *  M ,C ., B r ig g s , P.K* and McClymont, G .I .  (1955) J .  o f  th e  A u st, 
I n s t i t u t e  o f  A g r ic .  S c i .  21 : 216 ,
G o odrich , R .D ., M eiske, J .G , and G h arib , F,H . (1972) W orld Rev, Anirn,
P ro d , 3 : 54*
Gordon, J .G . ( l9 7 0 )  P ro c . N u tr .  Soc, 29 : 325*
Gordon, J .G , and T r ib e ,  D .E. ( l 9 5 l )  J * a g r i c .  S c i .  Garnb, 41 : 187* 
G o sse t, W.H., P e r ry ,  T.WL, M ohler, M .T ., P lim le e , M.P, and B eeson, W.M.
(1962) J .  Anim. S c i .  21 : 248 .
G reen , H.M, (1925) P h y s io l .  Rev. 5 : 336 ,
H ard iso n , W. A. ,  E n g e l, R .W ., L inko u s , W .N., Sweeney, H.C, and G ra f , G.G, 
(1956) J .  N u tr .  58 : 11 .
H a rd iso n , W.A. and  R e id , J .T ,  (1953) J .  N u tr .  51 : 35 .
H a rd iso n , W.A., R eid , J . T . ,  M a rtin , C.M. and W oolfo lk , P .G . (1954)
J ,  D a iry  S c i ,  58 : 89 .
H elm er, L .G ., B a r t le y ,  E .E . ,  Deyoe, C.W,, M eyer, R.M, and  P f o s t ,  H.B,
(1970) J .  D a iry  S c i .  53 : 3 3 0 .
Hemingway, R.G. ( l 9 7 l )  P ro c . N u tr .  Soc. 30  : 221
Hemingway, R .G ., I n g l i s ,  J .S . S .  and R i tc h ie ,  N .S . ( i9 6 0 )  B r i t i s h
V e te r in a ry  A s s o c ia t io n ,  P ro c . o f  C onference  on Hypomagnesaemic p 5 8 , 
Hemingway, R.G. M acpherson , A ., D u th ie , A.K, and Brown, N.H. (1968)
J .  a g r i c .  S c i .  Camb. 71 : 53®
H em sley, J .A . and  M oir, R .J ,  (1963 ) J .  a g r i c .  R es. 14 : 509.
H e n te s , J .F .  J r . ,  Adams, J .R . ,  M oore, J . E . ,  O l t j e n ,  R .R. (1967) J  *
Anim. S c i ,  26 : 208 ( A b s t r . ) .
Hodgson, J .  and W ilk in so n , J.M , ( 1967 ) Anim. P ro d . 9 : 3 6 5 .
Holmes, W., C am pling, R .C , and J o s h i ,  N.D. ( l9 7 2 )  Anim. P ro d , 14 : 283*
Holmes, W. and C u rra n , M.K. ( 1967 ) Anim. P ro d . 9 : 313 .
Holmes, W ., Jo n e s , J.G .W . and A d e lin e , C. (1966) Anim. P ro d . 8 : 47 .
Holm es, W., Jo n e s , J .G .W ., D rake-Brokm an, R.M, and W hite , N. ( 1965 )
Anim. P ro d . 7 : 27 .
H o lte r ,  J .B . ,  C o lovos, M, F . ,  D av is , H.A. and  Urban, VLE. J r . ,  (1968)
J .  D a iry  S c i .  51 : 1243.
H o rv a th , D .J . ,  Dozza, L . , K id d er, H .E ., W arren, J .E .  J r . ,  B h a t t ,  B. and 
C ro u sh o re , W. (1 9 6 ?) P ap er o r e s . N orth  A t la n t i c  S e c t .  Am. S oc. o f  
Anim. S c i .
Hume, I .D , and B ird , P .R , (1970 ) A u st, J ,  A g r ic , R es. 21 : 283*
H ungate, R .E . (1966) The Rumen and i t s  M ic ro b es , New York and London ;
Acadejmic P r e s s ,
H u tch in so n , J .H , and Labby, D,H, (1962) J .  Lab. C l in .  Med. 60 : 170,
l o s e t ,  R.M. ( 1969 ) P ro c . M ontana N u t r i t io n  C o n fe ren ce , M ontana S ta t e
U n iv e r s i ty ,  Bozeman, M ontana 20 : 26 .
I t a y a ,  K, and  U i, M, (1965) J .  L ip id  R es. 6 : I 6 ,
J a c k so n , H.M,, Kromaim, R .P , and Ray, E .E , (1971) J .  Anim, S c i ,  33 - 872,
Ja c k so n , P . ,  Rook, J .A .F .  and Tow ers, K .I .  ( l 9 7 l )  J« D a iry  R es. 38 : 33*
Jo h n so n , D .E ., D im 'sso n , W.E. and B o lin ,  D,W, ( 1964 ) J .  Anim, S c i .
23 : 499.
Jo n e s , R .J .  (1966) A u s t r a l ,  J .  E x p t l .  A g ric . Anim. H usb, 6 ; 145.
Kameoka, K ., T a k a h a sh i, S , and M orim oto, H, (1956) J .  D a iry . S c i ,
39 : 462 ,
Kane, E .A ., J a c o b se n , W .C., E ly , *R,E. and Moore, L.A. (1953) J .  D a iry  
S c i .  36 ; 637 .
Kane, E .A ., Ja c o b se n , W.C. and M oore, L.A. ( l9 5 2 )  J ,  N u tr .  47 : 211 .
48 : 131 .
K a ra la z e s ,  A. and Swan, H, (1976) Feed energj'- s o u rc e s  fo r  L iv e s to c k
London B u tte rw o r th s .
K ing, H .R ., Ehibry, L ,B , and  E rnerick , R .J ,  (1965) J .  Anim, S c i ,
26 : 1481 ( A b s t r , ) .
K je ld a h l ,  J .  (1883) A n a ly t . Chem. 22 : 366 .
Kromann, R .P , and Ray, E .E , (1967) J .  Anim. S c i ,  26 : 1379®
L a s s i t e r ,  C .A ., GrJm es, R .M ., Duncan, C,W. and Huffman, C .F . ( l9 5 8 )
J , D a iry  S c i , 41 : 281 .
Lambourne, L .J .  (1957) J -  A g r ic . S c i .  48 : 273 .
Lam bourne, L .J ,  and R eardon , T .F . (1962) A u s t. J .  A g r ic . R es. 14 : 257
I a n c a s t e r ,  R .JL , Coup, M.R. and P e r c iv a l ,  J .C .  (19 5 3 ) N .Z. J .  S c i .
T echno l A 35 : 117.
L an g lan d s , J .P ,  ( l9 7 2 )  Anim. P ro d . 14 : 317.
la n g la n d s ,  J .F ,  and C o r b e t t ,  J .L .  ( 1964 ) J® A g ric , S c i .  63 ; 305 .
L ea v er, J .D . ,  C am pling, R.C. and  Holnies, W. (1969) Anim. P ro d . 11 : 11
L esch , S .F . ,  Kemm, E .H , and Von Schallcwyk, A .P , (1967) Fmg, S , A fr ,
4.3 (5 )  : 52 .
L i t t l e ,  D,A, ( 1968 ) P ro c . A u st. S oc, Anim, P ro d , 7 : 3 76 ,
L o n g sd a le , C ,R ., P o u t ia in e n ,  E ,K , and T a y lo r , J ,C .  ( l 9 7 l )  Anim. P ro d .
13 : 4 6 1 .
L u t t in g h ,  H,C, ( 1961 ) J ,  A g r ic , S c i .  56 : 3 3 3 «
M acrae, J .C .  and A rm strong , D.G, (1969) B r, J ,  N u tr ,  23 : 15*
M arsh, R ., C am pling, R .C . and Holmes, ¥ ,  ( l 9 7 l )  Anim, P ro d . 13 : 441 . 
M eyer, J .H . and W eir, W.C. (1954) J* Anim. S c i ,  13 : Z43.
M eyer, J .H . ,  W eir, W .C., I t t n e r ,  N ,R . and S m ith , J .D , ( l9 5 5 )
J .  Anim, S c i .  I 4 : 412 .
M inson, D .J .  and P ig d e n , W .J, ( l 9 6 l )  J .  Anim, S c i ,  20 : 962 ( A b s t r , ) .  
M in is tr y  o f  A g r ic u l tu r e ,  F i s h e r i e s  and Food, D epartm ent o f  A g r ic u l tu r e  
f o r  S c o tla n d , D epartm en t o f  A g r ic u l tu r e  f o r  N o rth e rn  I r e la n d  (1975) 
B u l l .33* E nergy  a llo w a n c e s  and  F eed ing  System s f o r  R um inan ts.
London H .M .S .O .
M oore, J .H . (1959) A g r ic . P ro g r .  34  : 48 .
M o rr is ,  J .G . ( l9 5 8 )  Q ueensland  J ,  o f  A g r ic . S c i .  15 : 161,
M oseley , G. and J o n e s , D .I .H . (1974) J .  a g r i c .  S c i ,  Camb, 83 : 37* 
M urdock, F .R . ,  Hodgson, A ,S .,  M i l l e r ,  V .L , and Kimura, F . ( l9 5 7 )  J .
D a iry  S c i ,  40 : 6 I 8 ( A b s t r , ) .
N e lso n , A .B ., M acV icar, R.W ., A rch er, W. J r . ,  and M eiske, J .C .  ( l9 5 5 )
J. Anim. S c i .  I 4 : 825*
O lt j e n ,  R .R ., S ly t e r ,  L .L . ,  Kozak, A .S . and W illia m s , E .E . J r . ,  (1968) 
J .  N u tr .  94 : 193.
O l t j e n ,  R .R ., W a lle r , G .R ., N e lso n , A.B. and  T illm a n , A.D, (1963)
J .  Anim. S c i .  22 : 3 6 ,
Pamp, D .E ., G oodrich , R.D, and M eiske, J .C . (1976) W orld Review o f  
Animal P ro d u c tio n  V ol X II . 4®
P e a rc e , J .  (1973) A g r ic . N, I r e la n d  4 8 (8 ) : 288,
P e a rc e , J ,  and Raven, A.M. ( l9 7 3 )  R oc. A g r ic . R es. 21 : 37»
P e a r t ,  J .N . (1967) J .  a g r i c .  S c i .  Camb. 68 : 365*
P i e t e r s e ,  P . J .S .  ( l 9 6 l )  Fmg. S. A fr . 3 7 (5 )  : 15.
P i e t e r s e ,  P . J .S ,  and De Kock, J .P .  ( l9 6 2 )  Fmg. S. A f r .  3 9 (4 )  : 84*
P i e t e r s e ,  P . J . S . , L esch , S . F .  and Von Schalkw yk, A .P . (1963) S . A fr .
J .  o f  A g r ic . S c i .  6 : 737*
P ig d e n , W.G, and B r is s o n ,  G .J .  (1956) Canad. J .  a g r i c ,  S c i .  36  : 146 , 
P i s t o r ,  W .J . ,  N e s b i t t ,  J .C .  and C ardon, B .P . ( l9 5 0 )  'P ro c e e d in g s  B ook ,' 
Am. V e t. Med. A ss n .,  8 7 th  A nnual M eeting  p l54*
P la y n e , M .J, (1969 ) A u st. J .  o f  E x p t l .  A g r ic u l tu r e  and Animal 
H usbandry 9 : 192.
P o t t e r ,  G .D ., L i t t l e ,  C.O. and M i tc h e l l ,  G .E. J r . ,  ( l9 6 6 )  J .  o f  
A g r ic u l tu r a l  and Food C hem istry  1 4 (6 ) : 647#
Putnam , P .A .,  L o o s l i ,  J .K . and W arner, R.G. ( l9 5 8 )  J .  D a iry . S c i .
41 : 1723.
Raymond, W .F ,, Kemp, C .D ., Kemp, A.W., H a r r i s ,  C .E . (1954 ) J* B r.
G ra s s la n d  S oc. 9 : 69#
Raymond, W.F. and M inson, D .J .  (1955 ) J .  B r. G ra s s la n d  S o c , 10 : 282 . 
R e id , R .L . ( i9 6 0 )  A n a ly s t .  85 : 265*
R eyneke, J .  ( l 9 7 l )  S . A fr , J .  Anim. S c i .  1 : 3 9 .
R ig g s , J .K . ,  lo lb y ,  R.W ., S e l l s ,  L .V . ( l9 5 3 )  J .  Anim. S c i ,  12 : 379 . 
R i t c h ie ,  N .J .  and Hemingway, R.G. (1963) J .  S c i .  F d . A g r ic . 14 : 162 , 
R o b e r ts ,  M. (19 6 7 ) A g r ic u l tu r e  London 74 : 578.
R o b e r ts , M. (1972) M.A,F .F . ,  A .D .A .S . P v /llp e ira n  E x p tl .  Husb. Farm, 
Farm g u id e  and r e p o r t .
R u s s e l,  E .L . ,  H a le , W.H, and H u b e rt, F . J r .  (1962) J ,  Anim, S c i .
21 : 523.
S a r i f - S a r b a n ,  M, and Menke, K.H. ( l9 7 0 )  Anim, P ro d , 12 : 177«
Savage, D.A, and M c llv a in , E .H . ( l 9 5 l )  U .S.D .A . S o u th e rn  G rea t 
P la in s  F ie ld  S ta t io n ,  Woodward, Oklahoma.
S c o t t ,  E.M. and Q u in t, E, (1946) J .  N u tr . 32 : 113*
S c o t t ,  E.M .j V erney , E .E . and M o risse y , P .D . (1950) J ,  N u tr . 41 *• 187,
S m ith , A.M. and R eid , J .T .  (1955) J .  D a iry  S c i .  38 : 515.
S m ith , C.A. (1962) J .  o f  A g r ic .  S c i ,  58 : 173.
S te r n ,  E . (O c to b e r, 1973) L iv e s to c k  Fanning  lO (lO ) : 3 4 .
S te v e n so n , A .E. ( l9 6 2 )  N .Z, J ,  A g r ic .  R es. 5 : 3 3 9 .
S te v e n so n , A .E, and De Langen, H. ( i9 6 0 )  N .Z , J . A g r ic . R es, 3 : 314*
S u tto n ,  J .D , ( 1968 ) B r, J ,  N u tr . 22 : 689.
S u tto n , J .D . (1969) B r. J .  N u tr .  23 : 567.
T a i t ,  A ., M iln e , J .A . and R u s s e l,  A .J .F .  (1976) 2 7 th  A nnual M eeting  
E uropean  A ss o c ia t io n  f o r  Animal P ro d u c tio n ,
Thomas, P .C . (1973) P ro c . N u tr .  Soc. 32 : 8 5 .
-Thompson, N .R ., G ra f, G .C ., E h e a r t ,  J .F ,  and Holdaway, C.W. (1952)
J .  D a iry  S c i .  35 : 1010.
Todd, J .R . ,  S c a l ly ,  W .C.P. and Ingram , J.M . ( 1966 ) V e t, R ec. 78 : 888 ,
T o i l e t ,  J . T . ,  S w art, R.W ., l o s e t ,  R.M, and T em pleton , J .A . ( l9 6 9 )
J .  Anim, S c i .  28 : 862 ( A b s t r . ) .
T ro e ls e n , J .E .  ( 1965 ) Anim. P ro d . 7 : 239*
U.K. F e r t i l i s e r  and F e e d in g s tu f f s  A ct (1976) (The F e r t i l i s e r  and 
F e e d in g s tu f f s  (Amendment) R e g u la tio n s )  H.M .S.O. London.
U nsw orth, E .F . ,  Lamb, O .S . and A rm strong , D.G. ( 1966 ) P ro c , 9 th  I n t .
G ongr. Anim. P ro d . p73 ( A b s t r . ) ,
Van Horn, H .H ., Foreman, C .F , and R o d rig u ez , J .E .  (1967) J .  D a iry  S c i ,  
50 : 709c
Van N i e k e r k ,  B a s s o n ,  W.D. a n d  M u ld e r ,  A.M. ( 1967 ) B . A f r .
T y d sk r. Landbouwet 10 : 687.
W eir, W.C. and M i l l e r ,  R .F . (1953) J .  Anim.S c i .  12 : 219*
W eir, W.C. and T e r r e l l ,  D .T, (1953 ) J* Anim. S c i .  12 : 353*
W ilk in so n , J.M . and P r e s c o t t ,  J .H .D . ( l9 7 0 )  Anim P ro d . 12 : 71* 
W illia m s , C .H ., D avid , D .F . and lis m a a , 0 . (1962) J .  a g r i c .  S c i .  Ccimb, 
59 : 381 .
W illia m s , N .M ., P e a rc e , G,R, ,  D elaney , M, and T r ib e ,  D .E. (1959)
Em pire J .  o f  E x p e rim e n ta l A g r ic u l tu r e  27 : 107.
